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Foreword 

The  following  is  a  report  on  our  study  to  prepare  standards  of 
the  putative  metabolites  of  artelinic  acid,  an  artemisinin  (qinghaosu) 
derivative  being  developed  as  an  oral  treatment  for  malaria  caused 
by  multi-drug  resistant  P.  falciparum.  This  study  is  part  of  the  work 
going  on  at  the  Walter  Reed  Army  Institute  of  Research  (WRAIR) 
with  the  goal  of  developing  a  new  generation  of  antimalarial  drugs 
based  on  qinghaosu  (artemisinin),  the  active  principle  of  the  Chinese 
medicinal  plant,  Artemisia  annua. 

Identification  of  the  metabolites  of  artelinic  acid  and  other 
artemisinin  analogues  has  been  problematic  because  standards  of  the 
putative  metabolites  are  difficult  and  expensive  to  synthesize  and 
are,  therefore,  not  usually  available  The  following  report  presents 
our  attempts  to  prepare  standards  of  putative  metabolites  of 
artelinic  acid  by  its  reaction  with  chemical  systems  that  may 
simulate  the  action  of  the  cytochrome  P-450  enzymes. 

Biomimetic  isomerization  of  artelinic  acid  to  the  furan  acetate 
isomer  and  3-hydroxydeoxyartelinic  acid,  and  its  deoxygenation  to 
deoxyartelinic  acid,  were  readily  effected  by  its  reaction  with 
complexes  of  iron(II)  in  an  appropriate  solvent. 

Reaction  conditions  for  the  biomimetic  hydroxylation  of 
artelinic  acid  by  iron(II)  complexes  were  extensively  studied.  Mono- 
and  dihydroxylation  of  artelinic  acid  were  achieved  by  the  reaction 
of  artelinic  acid  with  the  iron(II)  complexes  of  8-hydroxyquinoline 
analogs  substituted  in  the  5-position  with  electron-attracting  groups, 
and  in  the  presence  of  pyridine  and  ethanol  (or  methanol.) 

The  knowledge  gained  through  this  study  should  be  of  value  in 
the  development  of  other  artemisinin  drugs  as  well  as  other 
antiparasitic  agents  that  may  be  of  interest  to  the  Walter  Reed  Army 
Institute  of  Research. 
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INTRODUCTION 


1.1.  General 

Qinghaosu  (QHS)  (also  known  as  artemisinin),  a  sesquiterpene 
lactone  endoperoxide,  is  the  clinically  active  antimalarial  principle 
isolated  from  the  Chinese  medicinal  herb,  Qinghao  or  Artemisia  annua 
L  (1,  2). 

For  nearly  fifteen  years  the  Walter  Reed  Army  Institute  of  Research 
(WRAIR),  working  in  collaboration  with  the  Steering  Committee  of  the 
Scientific  Working  Group  on  Malaria  of  the  World  Health  Organization 
(SWG-CHEMAL),  has  actively  pursued  the  development  of  new  anti- 
malarial  agents  based  on  the  lead  provided  by  qinghaosu  (QHS). 

The  development  of  semi-synthetic  derivatives  of  QHS  with 
improved  physico-chemical  and/or  pharmacological  properties  has 
involved  the  reduction  of  QHS  to  the  lactol,  dihydroqinghaosu 
(dihydroartemisinin;  Figure  1,  DQHS),  and  subsequent  preparation  of 
the  ether  (or  ester)  derivatives  of  DQHS  which  are  soluble  either  in 
water  or  oils  and  may  be  administered  parenterally  in  the  treatment 
of  cerebral  malaria 

The  oil-soluble  derivatives  of  DQHS  of  interest  are  artemether 
(AM)  and  arteether  (AE),  which  .are  the  methyl  and  ethyl  ethers  of 
DQHS  respectively. 

The  water-soluble  derivatives  of  DQHS  of  clinical  interest  are 
artesunate  (AS)  the  hemisuccinate  ester  of  DQHS  and  artelinic  acid 
(AL)  the  4-carboxybenzyI  ether  of  DQHS.  The  development  of 

artelinic  acid  as  an  oral  treatment  for  uncomplicated  malaria  caused 
by  multidrug  resistant  P.  falciparum  is  a  top  priority  of  the  US  Army 
Medical  Research  and  Materiel  Commmand  (USAMRMC). 

Artelinic  acid  is  a  semi-synthetic  derivative  of  QHS  which  was 
prepared  in  this  institute  and  the  U.S.  Army  has  exclusive  rights  and 
patents  on  artelinic  acid.  Artelinic  acid  has  been  reported  to  be 
effective  against  chloroquine  resistant  Plasmodium  falciparum  and 
has  superior  in  vivo  activity  against  P.  berghei.  When  prepared  as  a 
solution  in  potasium  carbonate  this  compound  has  been  reported  to 
be  stable  to  hydrolysis  (3).  This  is  a  desirable  advantage  over 
sodium  artesunate,  the  only  other  water-soluble  derivative  of  QHS, 
which  has  been  extensively  studied  in  China  and  Southeast  Asia  for 
the  treatment  of  cerebral  malaria.  Sodium  artelinate  also  has  the 
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advantage  of  being  the  only  water-soluble  derivative  of  QHS  which 
can  be  administered  by  iv  infusion  (4)  Artelinic  acid  is,  therefore  a 
promising  future  drug  for  the  treatment  of  cerebral  malaria. 
Preliminary  studies  at  this  institute  have  also  shown  that  artelinic 
acid  has  other  advantages  over  the  other  QHS  derivatives  including 
its  high  plasma  levels  following  iv  or  im  or  oral  administration,  its 
relatively  long  elimination  half  life  and  high  bioavailability  in  rat  and 
dog. 

However,  artelinic  acid  seems  to  undergo  less  conversion  to 
dihydroqinghaosu  (DQHS),  the  active  metabolite  common  to  the  QHS 
derivatives.  If,  as  has  been  suggested,  both  the  anti-malarial 
activity  (5)  and  toxicity  (6)  of  the  QHS  derivatives  are  largely  due  to 
DQHS,  the  metabolism  of  artelinic  acid  will  be  expected  to  influence 
its  anti-malarial  activity  and  toxicity.  It  is,  therefore,  necessary  to 
understand  the  metabolism  of  a:ftelinic  acid. 

Furthermore,  it  was  thought  that  the  metabolism  of  artelinic  acid 
might  be  quite  different  from  that  of  other  QHS  derivatives  because 
artelinic  acid  possesses  a  benzyl  group,  a  potential  target  of 
metabolising  enzymes,  which  is  absent  in  other  QHS  derivatives.  A 
study  of  the  in  vitro  metabolism  of  artelinic  acid  is  one  of  the 
neccesary  steps  towards  the  goal  of  the  U.S.  Army  to  develop 
artelinic  acid  as  an  oral  treatment  for  uncomplicated  malarial. 

1.2.  Identification  of  the  in  vitro  Metabolites  of  Artelinic 

Acid 

The  metabolism  of  artemisinin  analogues  has  been  reviewed 
(7),  and  generally  involves  rearrangement  and  deoxygenation  of  the 
endoperoxide  group,  and  hydroxylation  on  the  A-  and  C-  rings  of  the 
molecule.  Possible  sites  of  hydroxylation  are  the  1,2,3,8,9,10  and  14 
positions  of  the  molecule  (see  Figure  1)  Thus  the  metabolic 
hydroxylation  of  these  compdunds  may,  in  theory,  give  rise  to 
isomeric  hydroxy  compounds  which  would  be  difficult  to  distinguish 
in  the  absence  of  authentic  standards. 

Indeed,  the  essential  problem  in  studies  of  the  metabolism  of 
artemisinin  and  its  derivatives  has  been  the  non-availability  of 
authentic  standards  of  the  metabolites  to  be  used  for  unambiguous 
identification  of  the  microsomal  or  in  vivo  metabolites  of  these 
compounds.  This  problem  arises  because  total  synthesis  of  the 
artemisinin  skeleton  is  involved  and  expensive.  Because  other 
aspects  of  the  metabolism  studies  depend  on  the  availability  of 
authentic  standards  of  metabolites,  our  study  has  involved  attempts 
to  establish  methods  for  making  the  metabolites  of  artelinic  acid. 
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So  far,  the  only  known  approach  to  making  the  metabolites  of 
an  artemisinin  analogue  is  through  fermentation  of  the  compound  by 
fungi.  The  fungal  fermentation  method  is  unpredictable  in  terms  of 
the  right  microorganism  to  Use  in  order  to  closely  mimic  the 
mammalian  metabolism  of  the  compound.  Furthermore  available 
reports  have  also  shown  that  fungal  metabolism  of  these  compounds 
may  not  correlate  well  with  the  mammalian  metabolism,  with  a 

particular  fungus  producing  only  one  or  two  metabolites  which  are 
also  mammalian  metabolites.  This  has  meant  that  different  fungi 
had  to  be  sought  to  produce  different  mammaliam  metabolites. 
Finding  the  right  microorganism,  therefore,  requires  some  trial  and 
error  effort.  For  example,  in  a  study  of  the  microbial  metabolism  of 
artemisinin  itself,  a  total  of  33  microorganisms  had  to  be  screened 
only  to  be  able  to  select  two  that  would  produce  two  mammalian 
metabolites  (8).  The  low  yields  of  metabolites  obtained  is  another 
drawback  of  this  approach.  Of  the  artemisinin  analogues,  only  the 
fungal  metabolism  of  arteether  has  been  reported  (9,  10,  11,  12). 

We,  therefore,  sought  a  more  efficient  and  less  time-consuming 
method  of  making  the  metabolites  of  the  artemisinin  compounds 
through  the  reaction  of  the  compounds  with  chemical  models  of 
cytochrome  P-450. 

1.3.  Preparation  of  Metabolites  of  Artelinic  Acid  by 

Reaction  of  Artelinic  Acid  with  Chemical  Models  of 

Cytochrome  P-450 

The  catalytic  mechanism  Of  the  cytochrome  P-450  enzymes  has 
been  extensively  studied  and  many  chemical  models  of  P-450  have 
been  developed  to  elucidate  the  functions  of  these  enzymes.  In  these 
studies,  however,  only  very  *  simple  compounds  such  as  cyclohexane, 

styrene,  adamantane,  aniline,  toluidine,  etc  have  been  used  as 
substrates.  There  have  been  very  few  reports  on  the  application  of 
chemical  models  of  the  P-450  enzymes  to  study  the  metabolism  of 
actual  drugs.  Application  of  model  systems  to  study  drug 

metabolism  has  many  attractive  advantages.  The  most  important  of 
these  are  the  simplicity  of  procedure  and  the  formation  and  isolation 
of  metabolite  candidates  in  sufficient  amounts  to  be  used  to  identify 
the  real  in  vivo  metabolites.  Application  of  model  systems  to  study 
drug  metabolism  may  also  cut  down  on  the  use  of  experimental 
animals. 

We  studied  the  reaction  of  artelinic  acid,  with  a  number  of  P- 
450  model  systems  in  order  to  isolate  and  characterize  standards  of 
metabolites  which  could  be  used  for  unambiguous  identification  of  in 
vitro  and  in  vivo  metabolites  of  artelinic  acid.  Part  of  our  results  on 
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the  biomimetic  metabolism  of  artelinic  acid  by  chemical  models  of 
cytchrome  P-450  have  been  published  (13).  A  copy  of  the  journal 
article  is  included  with  this  report  as  Appendix  1. 

1.3.1.  Pathways  of  Artelinic  Acid  Metabolism  and  their 

Simulation  with  Chemical  Models  of  Cytochrome  P-450 

From  studies  with  other  artemisinin  derivatives,  the  metabolism  of 
artelinic  acid  would  be  expected  to  involve  three  chemical  pathways, 
apart  from  the  predictable  possible  debenzylation  to  DQHS.  These 
three  likely  pathways  are  illustrated  in  Figure  2.  To  obtain 

standards  of  metabolites  of  artelinic  acid,  chemical  model  systems  of 
cytochrome  P-450  are  required  that  would  bring  about  the 
transformations  of  artelinic  acid  illustrated  in  Figure  2. 

Rearrangement  of  the  endoperoxide  group  without  the  loss  of 
any  of  its  oxygen  atoms  wOtild  result  in  the  isomerization  of  artelinic 
acid  to  the  furano  acetate  isomer  (I,  Figure  2)  and  the  3- 
hydroxydeoxyartelinic  acid  isomer  (II,  Figure  2).  Deoxygenation  of 
the  endoperoxide  goup  would  give  rise  to  deoxyartelinic  acid.  The 
other  likely  metabolic  pathway  would  involve  C-hydroxylation  of  the 
molecule  without  the  destruction  of  the  endoperoxide  group. 

The  rest  of  this  report  is  divided  into  two  sections,  based  on 
our  attempts  to  chemically  simulate  these  two  pathways  of  artelinic 
acid  metabolism.  Section  I  of  the  report  describes  the  reactions  that 
yielded  products  formed  by  the  rearrangement,  or  isomerization,  of 
artelinic  acid.  Section  II  of  the  report  describes  reactions  with  which 
we  sought  to  achieve  the  biomimetic  hydroxylation  of  artelinic  acid. 
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2 .  SECTION  I 

2.1  BIOMIMETIC  ISOMERIZATION/REARRANGEMENT 
OF  ARTELINIC  ACID  BY  REACTION  WITH 
COMPLEXES  OF  IRON(II) 

2.1.1  MATERIALS  AND  METHODS 

Chemicals 

All  reagents  and  chemicals  were  obtained  from  Aldrich  Chemical 
Co  (Milwakee,  USA)  except  artelinic  acid  and  sodium  artelinate  which 
were  which  from  the  Walter  Reed  Inventory. 

Instrumentation 

2. 1.1.1.  Isolation  of  Reaction  Products 

Preparative  HPLC  was  performed  on  a  Waters  liquid 
chromatography  system  consisting  of  two  Waters  model  510  solvent 
delivery  units,  a  U6K  injector  and  a  Waters  model  440  UV  detector 
set  at  254  nm.  A  Waters  pBondapak  Ci 8  preparative  column  (7.8 
mm  X  300  mm;  10  mm)  was  used  with  a  mobile  phase  consisting  of 
O.IM  ammonium  acetate  buffer  (pH  4.5)  and  acetonitrile.  Elution 
was  done  with  either  a  stepwise  gradient  of  70:30  (v/v)  O.IM 
ammonium  acetate:  acetonitrile  maintained  for  56  min  and  then 
changed  to  a  50:50  ratio  at  86  min,  and  held  at  this  ratio  for  a  further 
20  min  (flow  rate  2.0  ml/mirt),  or  80:20  (v/v)  O.IM  ammonium 
acetate: acetonitrile  maintained  for  40  min,  changed  to  a  70:30  (v/v) 
ratio  for  46  min,  and  then  changed  to  a  50:50  ratio  where  is  held  for  a 
further  30  min.  Acetonitrile  was  removed  from  the  collected 
fractions  with  a  stream  of  nitrogen  and  the  fractions  were  then 
extracted  with  ethyl  acetate  (3  ml)  by  shaking  on  a  vortex  mixer  for  2 
min.  The  ethyl  acetate  extracts  were  dried  with  anhydrous  sodium 
sulphate  and  evaporated  with  a  stream  of  nitrogen.  The  residues 
were  crystallised  from  a  mixture  of  diethyl  ether  and  hexane.  The 
isolated  products  were  again  re-analysed  by  HPLC-MS  as  described 
below,  to  establish  their  purity. 

The  reaction  products  were  also  separated  by  repeated 
preparative  thin  layer  chromatography  on  10  x  20  cm  preparative 
silica  gel  GF  plates,  with  dichloromethane:ethyl  acetate  (50/50,  v/v) 
as  solvent.  The  substances  in  the  bands  were  extracted  with  20  % 
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methanol  in  ethyl  acetate,  the  solvent  removed,  and  the  residue 
crystallised  from  ether-hexane  as  describe  above. 

2. 1.1. 2.  Characterization  of  Reaction  Products 

Mass  spectrometric  identification  of  the  reaction  products  was 
performed  using  a  HPLC-MS  system  consisting  of  a  Hewlett  Packard 
1090  Liquid  Chromatograph  System  linked  with  a  Hewlett  Packard 
HP  5989A  Mass  Spectrometer  via  a  Hewlett  Packard  thermospray 
interface.  A  [iBondapak  Cig  column  (2.1  mm  x  100  mm;  5  m)  was 
used,  with  a  mobile  phase  consisting  of  O.IM  ammonium  acetate  (pH 
4.5)  and  acetonitrile.  Elution  was  done  with  either  of  two  linear 
gradients:  95:5  (v/v)  O.IM  ammonium  acetate:acetonitri]e 

maintained  for  10  min  and  then  inereasing  to  a  30:70  ratio  at  60  min, 
and  held  at  this  ratio  for  a  further  20  min  (flow  rate  0.4  ml/min),  or 
90:10  (v/v)  O.IM  ammonium  acetate:acetonitrile  maintained  for  10 
min  and  then  increasing  to  a  60:40  ratio  at  60  min,  and  held  at  this 
ratio  for  a  further  30  min  (flow  rate  0.4  ml/min).  The  thermospray 
interface  was  operated  in  the  "fragmenter  on"  mode  at  a  vaporiser 
temperature  of  85-960C  (or  87-105OC)  and  a  source  temperature  of 
220OC. 

1H-  and  l^c.mxir  spectra  were  obtained  on  a  Brucker  AC  300 
Spectrometer,  using  CDCI3  as  solvent  and  Me4Si  as  internal  standard. 

Melting  points  (uncorrected)  were  determined  on  a  Thomas 
Hoover  Unimelt^  capillary  melting  point  apparatus. 

2, 1.1. 3  Reaction  of  Artelinic  Acid  with  the  Udenfriend  System 
(Fe2+. Ascorbic  acid-02) 

Ferrous  sulphate  heptahydrate  (1.22  g;  4.388  mmole)  was  dissolved 
in  100  ml  of  water  followed  by  disodium-EDTA  dihydrate  (3.25  g; 
8.732  mmole).  After  stirring  the  mixture  for  about  15  min,  sodium 
artelinate  hydrate  (1  g:  2,183  mmole)  was  added  followed  by  ascorbic 
acid  (15.38  g;  87.326  mmole).  The  mixture  was  stirred  vigorously 
for  15  h  on  magnetic  stirrer.  The  mixture  was  then  extracted  thrice 
with  60  ml  of  ethyl  acetate,  by  stirring  on  a  magnetic  stirrer  for  1  h. 
The  solvent  was  removed  with  a  stream  of  nitrogen  and  an  oil  was 
obtained.  The  oil  was  analysed  by  HPLC-thermospray  mass 
spectrometry  and  fractionated  by  repeated  preparative  TEC  of  by 
preparative  HPLC. 


7 


2. 1.1. 4.  Reaction  of  Sodium  Artelinate  with  Hemin  and 

Cysteine  in  Water 

Sodium  methoxide  (63  mg;  1.16  mmole)  was  dissolved  in  10  ml  of 
water  in  a  250  ml  RBF  followed  by  140  mg  (1.16  mmole)  of  cysteine 
and  150  mg  (0.23  mmole)  of  hemin.  After  stirring  for  5  min,  sodium 
artelinate  (500  mg;  1.092  mmole)  and  a  further  10  ml  of  water  were 
added.  The  mixture  was  stirred  at  room  temperature  for  15  h.  and 
then  centrifuged  at  3000  rpm  for  15  min.  The  dark  precipitate  was 
extracted  with  ether  to  obtain  an  off-white  solid  which  was  found  to 
be  essentially  unchanged  artelinic  acid.  The  supernatant  was 
extracted  with  ethyl  acetate  (2  x  30  ml)  by  stirring  on  magnetic 

stirrer  for  45  min.  After  each  extraction,  the  mixture-  was 

centrifuged  at  3000  rpm  for  15  min.  The  ethyl  acetate  was  removed 
and  evaporated  with  a  stream  of  nitrogen.  An  oil  (170  mg)  was 
obtained,  and  was  analysed  by  LC-MS.  The  oil  was 

chromatographed  by  preparative  TLC  on  silica  gel  GF  plates  with 

dichloromethane:ethyl  acetate  (60:40,  v/v)  as  solvent. 

2. 1.1. 5.  Reaction  of  Sodium  Artelinate  with  Hemin  and 

Glutathione  in  Water 

The  above  procedure  was  reapeated,  using  350  mg  (1.14  mmol)  of 
glutathione  in  place  of  cysteine. 

2. 1.1. 6.  Reaction  of  Artelinic  Acid  with  Hemin  and  Cysteine 

in  aqueous  Acetone 

Hemin  (780  mg;  1.2  mmol)  was  dissolved  in  50  ml  of  acetone.  While 
stirring  vigorously  with  a  magnetic  stirrer,  a  solution  of  300  mg  (2.5 
mmol)  of  cysteine  in  10  ml  of  water  was  added,  followed  by  250  mg 
(0.6  mmol)  of  artelinic  acid.  The  mixture  was  stirred  at  room 
temperature  for  18  h.  The  acetone  was  removed  with  a  stream  of 
nitrogen.  The  residue  was  stirred  with  100  ml  of  water  for  20  min 
and  centrifuged  at  3000  rpm  for  15  min.  The  supernatant  was 
extracted  with  2  x  40  ml  of  ethyl  acetate  for  30  min  while  the 
precipitate  was  extracted  with  4  x  30  ml  of  diethyl  ether  by  shaking 
on  a  vortex  mixer  for  3  min.  On  evaporating  the  solvent  both  the 
ethyl  acetate  and  the  ether  extracts  yielded  a  dark  brown,  resinous 
oil,  with  more  of  the  material  being  obtained  from  the  ether  extract 
of  the  precipitate.  For  initial  purification,  the  resinous  oil  was 
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chromatographed  on  preparative  TLC  plates  with  ethyl 

acetate:dichloromethane  (30:70,  v/v)  as  solvent.  The  resinous 
material  remained  at  the  origin  and  the  main  band  (rf  about  0.3)  was 
scraped  and  extracted  with  a  20:80  (v/v)  methanoTethyl  acetate 

mixture  yielding  a  pale  yellow  solid.  The  solid  was  analysed  by  LC- 
MS,  and  then  chromatographed  by  preparative  HPLC. 

2.1. 1.7.  Reaction  of  Artelinic  Acid  with  Hemiii  and 

Glutathione  in  aqueous  Acetone 

The  above  procedure  was  reapeated,  using  740  mg  (2.4  mmol)  of 
glutathione  in  place  of  cysteine.  A  dark  brown  resinous  material  was 
also  obtained  as  the  reaction  product  on  ether  extraction  of  the 
precipitate  as  described  above.  Only  traces  of  this  reaction  product 
was  obtained  from  the  ethyl  acetate  extraction  of  the  supernatant. 
The  initial  clean-up  of  the  resinous  material  with  preparative  TLC, 
recovery  of  a  pale  yellow  solid  and  subsequent  LC-MS  analysis  and 
preparative  HPLC  of  the  solid  were  also  as  described  above  for  the 
reaction  of  artelinic  acid  with  hemin  and  cysteine  in  acetone 

2. 1.1.8.  Reaction  of  Artelinic  Acid  with  Hemin  and 

Thiosalicylic  Acid  in  Acetone 

Thiosalicylic  acid  (500  mg;  3.24  mmol)  was  dissolved  in  50  ml  of 
acetone,  followed  by  hemin  (936  mg;  1,44  mmol)  and  artelinic  acid 
(300  mg;  0.72  mmol).  The  mixture  was  stirred  for  18  h  and 
subsequently  processed  as  described  above  for  the  reaction  of 
artelinic  acid  with  hemin  and  cysteine.  As  with  the  preceeding 

reactions  a  dark  brown  resinous  oil  was  obtained,  mostly  from  the 
ether  extraction  of  the  precipitate  formed  upon  centrifugation  of  the 
reaction  mixture  as  described  above.  Preparative  TLC  of  the  crude 
material  to  obtain  a  pale  yellow  solid  and  subsequent  LC-MS  analysis 
and  preparative  HPLC  of  the  solid  were  also  as  described  above. 

2. 1.1. 9.  Reaction  of  sodium  artelinate  with  Iron(II) 

sulphate  and  Thiosalicylic  Acid  in  Water 

Thiosalicylic  acid  (850  mg;  5.513  mmol)  was  mixed  with  20  ml  of 
water  followed  by  sodium  methoxide  (80  mg;  1.4812  mmol)  and  iron 
(II)  sulphate  heptahydrate  (760  mg;  2.734  mmol)  and  sodium 
artelinate  hydrate  (500  mg;  1.092  mmole).  The  mixture  was  stirred 
for  15  h  and  the  centrifuged  at  3000  rpm  for  15  min.  The  clear 
supernatant  (pH  5)  was  extracted  with  ethyl  acetate  (2  x  30  ml)  by 
stirring  on  magnetic  stirrer  for  45  min.  After  each  extraction. 
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remove  the  ethyl  acetate,  dry  with  anhydrous  sodium  sulphate  and 
evaporate  with  a  stream  of  nitrogen.  The  residue  was 

chromatographed  by  preparative  TLC  on  silica  gel  GF  plates  with 
dichloromethane:ethyl  acetate  (50:50,  v/v)  as  solvent,  and  also  by 
preparative  HPLC. 

2.1.1.10.  Reaction  of  Artelinic  Acid  with  Iroii(II)  sulphate 

and  Thiosalicylic  Acid  in  Acetone. 

Iron(n)  sulphate  (831.4  mg  2.99  mmol)  was  dissolved  in  60  ml  of 
water  and  a  solution  of  922.2  mg  (5.98  mmol)  of  thiosalicylic  acid  in 
50  ml  of  acetone  was  added.  To  the  resulting  light  blue  solution  was 
added  500  mg  (1.196  mmol)  of  artelininc  acid  The  mixture  was 
stirred  overnight  for  18  h,  during  which  a  beige-colored  precipitate 
appeared  in  the  mixture.  The  mixture  was  centrifuged  (3000  rpm, 
10  min)  and  the  supernatant  (pH  3)  extracted  with  50  ml  of  ethyl 
acetate.  The  extract  was  dried  over  anhydrous  sodium  sulphate  and 
evaporated  with  a  stream  of  nitrogen  to  obtain  an  oil.  The  oil  was 
chromatographed  by  preparative  TLC  on  silica  gel  GF  plates  (20  x  20 
cm;  layer  thickness  500  p).  Three  bands  were  formed  of  which  the 
middle  band  (5.5  cm  -  10.6  cm)  was  the  main  one.  The  material  in 
the  main  band  was  recovered  and  analysed  by  LC-MS  and  then 
chromatographed  by  preparative  HPLC. 

2.1.1.11.  Reaction  of  Artelinic  Acid  with  Iron(n)  Chloride 

and  8-Hydroxyquinoline  (HQ)  in  aqueous  Acetone 

Iron(Il)  chloride  tetrahydrate  (475.6  mg:  2.392  mmol)  was  dissolved 
in  about  10  ml  of  water  and  a  solution  of  694.5  mg  (4.78  mmol)  of  8- 
hydroxyquinoline  (oxine)  in  10  ml  of  acetone  was  added.  A  dark 
blue  mixture  was  formed  immediately.  Artelinic  acid  (200  mg;  0.479 
mmol)  was  added  and  the  mixture  stirred  overnight  for  16  h.  The 
mixture  was  centrifuged  (3000 .  rpm;  15  min)  and  the  supernatant 
was  separated  and  the  acetone  evaporated  with  a  stream  of  nitrogen. 
The  resulting  residue  was  extracted  with  ethyl  acetate.  The  ethyl 
acetate  extract  was  shaken  successively  with  2  x  20  ml  of  0.05  M 
hydrochloric  acid  and  20  ml  of  distilled  water  and  dried  over 
anhydrous  sodium  sulphate.  The  oily  residue  obtained  was  analysed 
by  LC-MS  and  chromatographed  by  preparative  HPLC. 
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2.2.  RESULTS 

2.2.1.  Identification  and  Characterization  of  Compounds 
formed  by  the  Reaction  of  Artelinic  Acid  with 
Complexes  of  Iron(II) 

Extracts  of  reaction  mixtures  were  initially  examined  by  LC-MS 
to  establish  the  presence  of  new  compounds  before  chromatographic 
fractionation  of  the  extracts  was  attempted.  The  structures  of  the  five 
compounds  identified  after  the  reaction  of  artelinic  acid  with  the 
above  models  systems  of  cytochrome  P-450  are  shown  in  Figure  3. 

The  total  ion-  and  UV  chromatograms  of  the  crude  product  of  the 
reaction  of  artelinic  acid  with  the  Udenfriend  system  is  shown  in 
Figure  4.  These  show  the  presence  of  new  compounds  in  the  extract 
of  the  reaction  mixture,  in  addition  to  unchanged  artelinic  acid.  The 
total  ion-  and  UV  chromatograms  of  the  crude  product  of  the  reaction 
of  artelinic  acid  with  hemin  and  cysteine  in  aqueous  acetone  is  shown 
in  Figure  5.  Identical  chromatograms  were  obtained  for  the  products 
of  the  reaction  of  artelinic  acid  with  hemin  and  glutathione  in 
aqueous  acetone.  Except  for  the  absence  of  the  peaks  at  44  min  and 
53  min,  chromatograms  obtained  for  the  products  of  the  reaction  of 
artelinic  acid  with  hemin  and  thiosalicylic  acid  in  acetone  are  also 
similar  to  those  for  the  products  of  the  reaction  of  artelinic  acid  with 
other  hemin-thiol  reagents.  The  total  ion-  and  UV  chromatograms  of 
the  products  of  the  reaction  of  artelinic  acid  with  iron(II)  and 
thiosalicylic  acid  are  shown  in  Figure  6.  The  peak  labeled  [R]  i  s 
associated  with  the  reagent.  The  chromatograms  of  the  products  of 
the  reaction  of  artelinic  acid  with  iron(II)  and  oxine  are  shown  in 
Figure  5.  The  result  of  the  reactions  of  artelinic  acid  with  the  iron(II) 
complexes  are  summarized  in  Table  1. 

The  identity  of  two  other  compounds  (Figure  3,  [5]  and  [8]) 
suspected  to  be  formed  by  these  reaction  requires  confirmation.  Of 
the  compounds  identified,  the  previously  unkown  ones  are  the 
rearranged  artelinic  acid,  3-hydroxydeoxyartelinic  acid  and  deoxy 
artelinic  acid.  The  1 H-  and  l^c-nmr  assignments  for  these 
compounds  are  based  on  the  published  NMR  data  for  analogous 
compounds  obtained  by  the  microbial  metabolism  of  arteether  (6,  8). 
The  spectra  are  also  in  agreement  with  the  spectra  of  these 
compounds  obtained  through  fungal  fermentation  of  artelinic  acid,  by 
colleagues  in  the  Department  of  Medicinal  Chemistry  of  this  institute. 

The  relevant  nmr  and  mass  spectra  data  for  artelinic  acid 
(Figure  3,  ARTL,  [1]  )  are  provided  for  comparison:  The  1 of 
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artelinic  acid  is  shown  in  Figure  8.  The  iH-nmr  of  artelinic  acid, 
which  is  shown  in  Figure  9,  has  the  following  resonances: 

5  (number  of  protons,  multiplicity  of  signal,  J-value,  position  of 
proton): 

0.95  (3H,  d,  J  =  5.95,  Me-14), 

0.98  (3H,  d,  J  =  7.39,  Me-13), 

1.46  (3H,  s,  Me-15), 

2.03  (IH,  m,  H-3p), 

2.40  (IH,  d,  d,  d,  J  =  3.90,  4.07,  3.86,  H-3a), 

2.72  (IH,  m,  H-11), 

4.61  (IH,  d,  J  =  13.32,  H-1613), 

4.94  (IH,  d,  J  =  3.39,  H-12), 

4.99  (IH,  d,  J  =  13.34,  H-16a), 

5.47  (IH,  s,  H-5), 

7.43  (2H,  d,  J  =  8.21,  H-18,  H-22), 

8.10  (2H,  d,  J  =  8.23,  H-19,  H-21). 

The  thermospray  mass  spectrum  (m/z,  relative  intensity  (%): 
436,  3.2  %;  401,  5.2  %;  390,  11%;  373,  4.0  %;  359,  3.1  %;  355,  3.0  %; 

331,  15.2  %;  284,  3.1  %;  267,  10%;  256,  28.8%;  249,  3.8  %;  221,  100 ’%.) 

is  illustrated  in  figure  10.  A  fragmentation  pattern  which  is 
consistent  with  the  structure  of  artelinic  acid  is  shown  in  Figure  11. 
In  all  the  thermospray  mass  spectra  presented,  the  quasi-molecular 
[M  +  NH4]+  ion  is  important  in  understanding  the  spectra.  In  some 
cases,  this  ion  is  quite  stable  and  of  high  abundance,  but  sometimes  it 
is  of  low  abundance.  The  thermospray  mass  spectra  of  artelinic  acid 
and  related  compounds  formed  in  these  reactions  are  also 
characterized  by  an  apparently  facile  loss  of  the  carboxybenzyl  group 
(as  carboxybenzyl  alcohol,  OHCH2PhCOOH;  152  amu)  giving  rise  to 
spectra  with  low  abundance  of  the  molecular  or  quasi-molecular 
ammonium  adduct  ions.  Facile  fragmentation  of  the  carboxybenzyl 
side-chain  also  gives  rise  to  spectra  closely  resembling  the  mass 
spectra  of  the  corresponding  DQHS  derivatives.  This  is  a  general 
charateristic  of  the  thermospray  mass  spectra  of  the  ether  derivatives 
of  DQHS. 

Rearranged  artelinic  acid  (Figure  3,  R-ARTL,  [2])  is  the  major 
product  of  the  reactions  of  artelinic  acid  with  the  iron(n)  complexes. 
It  has  a  melting  point  186-1880.  The  iH-nmr,  which  is  shown  in 
Figure  12,  has  the  following  resonances: 
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5  (number  of  protons,  multiplicity  of  signal,  J-value,  position  of 
proton) 

0.93  (3H,  d,  J  =  7.51,  Me-14), 

0.96  (3H,  d,  J  =  7.77,  Me-13), 

2.17  (3H,  s,  Me-15), 

2.47  (IH,  m,  H-11), 

3.95  (IH,  q,  J  =  7.97,  8.43,  7.71,  H-3p), 

4.28  (IH,  d,  bs,  d,  J  =  2.23,  2.10,  H-3a), 

4.52  (IH,  d,  J  =  13.01,  H-16P), 

4.84  (IH,  d,  J  =  4.11,  H-12), 

5.05  (IH,  d,  J  =  12.91,  H-16a), 

6.32  (IH,  s,  H-5), 

7.46  (2H,  d,  J  =  8.12,  H-18,  H-22), 

8.09  (2H,  d,  J  =  8.17,  H-19,  H-21). 

When  compared  with  the  spectrum  of  artelinic  acid,  the  'H-nmr 
of  the  rearranged  compound,  R-ARTL,  lacks  the  resonances  at  5  2.40 
and  5  2.72  associated  with  the  two  protons  in  the  3-position  of 
artelinic  acid.  This  indicates  that  in  the  transformation  of  artelinic 
acid  to  the  rearranged  compound,  the  3-position  of  artelinic  acid  has 
been  modified.  Modification  of  the  B-ring  of  artelinic  acid  (in  which 
the  3-position  is  situated)  and/or  the  C-ring  is  further  reflected  in  the 
down -field  shift  in  the  resonance  of  the  methyl  group  in  the  15- 
position  from  6  1.46  in  the  iH-nmr  spectrum  of  artelinic  acid  to  5 
2.17  (for  a  carbonyl-bonded  methyl  group)  in  the  IH-nmr  spectrum 
of  the  rearranged  compound,  R-ARTL.  The  iH-nmr  spectrum  of  the 
rearranged  compound,  R-ARTL,  also  shows  the  diagnostic  two  proton 
resonances  at  5  3.95  and  5  4.26  which  are  characteristic  of  the  alpha 
protons  of  a  tetrahydrofuran  ring,  and  which  are  absent  in  the  IH- 
nmr  spectrum  of  artelinic  acid. 

The  l^c.nmr  spectrum  of  the  rearranged  compound  (R-ARTL) 
is  shown  in  Figure  13.  Comparison  of  the  l^c-nmr  spectrum  of  R- 
ARTL  with  that  of  artelinic  acid  shows  that  the  spectrum  of  R-ARTL 
lacks  the  resonance  at  5  36.3  for  the  3-position  carbon,  which 
corroborates  the  evidence  from  the  IH-nmr  spectrum  that  the  3- 
position  of  artelinic  acid  was  modified  during  its  transformation  to  R- 
ARTL.  The  l^C-nmr  spectrum  of  the  rearranged  compound  (R-ARTL) 
also  has  resonance  at  6  68.5  which  is  absent  in  the  ^^C-nmr  spectrum 
of  artelinic  acid,  and  indicates  the  presence  of  a  new  oxygen-bonded 
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carbon  atom  in  R-ARTL.  This  is  agreement  with  the  J^H-nmr  evidence 
for  the  presence  of  a  new  furan  ring  in  R-ARTL.  Further  comparison 
of  the  13c-nmr  spectrum  of  R-ARTL  with  that  of  artelinic  acid  shows 
that  the  spectrum  of  R-ARTL  also  lacks  the  resonance  at  5  104.1  for 
the  4-position  carbon,  and  the  appearance  of  a  new  carbonyl  carbon 
resonance  at  5  169.3.  This  indicates  that  the  conversion  of  artelinic 
acid  to  R-ARTL  involved  the  formation  of  a  new  carbonyl  function. 
Since  the  Iff-nmr  spectrum  indicates  that  the  methyl  group  in  the 
15-position  is  attached  to  the  new  carbonyl  group,  it  means  that  it  is 
the  carbon  atom  in  the  4-position  of  artelinic  acid  that  was  changed  to 
a  carbonyl  carbon  during  the  conversion  of  artelinic  acid  to  R-ARTL. 
The  J  H-nmr  and  l^C-nmr  spectra  are  consistent  with  the  structure  of 
R-ARTL  shown  in  Figure  3.  The  iH-nmr  and  spectra  of  R- 

ARTL  are  also  consistent  with  those  of  the  analogous  rearranged 
artemisinin  which  was  first  reported  from  this  institute  as  a  product 
of  the  thermal  decomposition  of  artemisinin,  and  unambiguously 
characterized  by  X-ray  crystallography  (14).  This  compound  is  also 
analogous  to  rearranged  arteether  (designated  AEMl)  which  was 
found  to  be  a  microbial  metabolite  of  arteether  (9). 

The  thermospray  mass  spectrum  of  R-ARTL,  which  is  illustrated 
in  Figure  14(a),  has  the  following  peaks:  (m/z,  relative  intensity  (%): 
436,  0.4  %;  401,  1.2  %;  376,  7.0  %;  359,  18.2  %;  331,  11  %;  284,  0.2  %; 
242,  1.7  %;  225,  16.0  %;  207,  7.2  %;  179,  6.3  %.).  The  mass  spectrum 
shows  that  R-ARTL  has  the  same  molecular  mass  as  artelinic  acid, 
thus  confirming  that  R-ARTL  was  formed  from  the  rearrangement,  or 
isomerization  of  artelinic  acid.  Similarly,  in  the  negative  ion  mass 
spectrum,  (Figure  14(b))  the  m/z  477  ion  is  the  acetate  adduct  ion 
([M  -I-  CH3COO]";  M+59),  thus  showing  that  the  molecular  mass  of  R- 
ARTL  is  418  and  that  R-ARTL  is  an  isomer  of  artelinic  acid.  A 
proposed  fragmentation  pattern  which  is  consistent  with  the 
thermospray  mass  spectrum  of  R-ARTL  is  shown  in  Figure  15  Apart 
from  features  in  the  thermospray  mass  spectrum  due  to  loss  of  the 
carboxybenzyloxy  side-chain,  the  thermospray  mass  spectrum  of  the 
rearranged  compound  (R-ARTL)  is  also  characterized  by  the  M-60 
peak  ([M  +  NH4]+-CH3COOH)  resulting  from  the  fragmentation  of  the 
acetate  group. 

As  shown  in  the  chromatograms  of  the  reaction  mixtures,  R- 
ARTL  was  found  to  be  a  major  product  of  the  reaction  of  artelinic  acid 
with  all  the  model  systems  examined.  The  isolated  yield  of  of  this 
compound  ranged  from  4  to  6  %.  with  the  hemin-containing  systems 
giving  yields  of  15  to  20  mg  of  R-ARTL 
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3-Hydroxydeoxyartelinic  acid  (Figure  3,  OH-deoxyARTL,  [3]  ), 
was  found  to  be  another  major  product  of  the  rearrangement,  or 
isomerization  of  artelinic  acid  by  the  iron(II)  complexes.  It  has  a 
melting  point  of  128  -  1300.  The  Iff-nnir,  which  is  shown  in  Figure 
16,  has  the  following  resonances: 

5  (number  of  protons,  multiplicity  of  signal,  T-value,  position  of 
proton) 

0.88  (3H,  d,  J  =  6.3,  Me-14), 

1.00  (3H,  d,  J  =  7.43,  Me-13), 

1.55  (3H,  s,  Me-15) 

2.52  (IH,  m,  H-11), 

3.58  (IH,  q,  H-3), 

4.59  (IH,  d,  J  =  13.6,  H-16p), 

4.86  (IH,  d,  J  =  4.17,  H-12), 

4.92  (IH,  d,  J  =  13.96,  H-16a), 

5.29  (IH,  s,  H-5), 

7.41  (2H,  d,  J  =  8.08,  H-18,  H-22), 

8.07  (2H,  d,  J  =  8.04,  H-19,  H-21). 

Comparison  of  the  ^H-nmr  spectrum  of  OH-deoxyARTL  with 
that  of  artelinic  acid  shows  that  the  1  H-nmr  spectrum  of  OH- 
deoxyARTL  lacks  the  resonances  at  5  2.40  and  5  2.72  associated  with 
the  two  protons  in  the  3-position  of  artelinic  acid.  As  with  the 
spectrum  of  R-ARTL,  this  also  indicates  that  in  the  transformation  of 
artelinic  acid  to  OH-deoxyARTL,  the  3-position  of  artelinic  acid  has 
been  modified.  The  ^H-nmr  spectrum  of  OH-deoxyARTL  exhibits  a 
signal  (poorly  resolved  quartet)  at  5  3.58,  which  indicates  the 
presence  of  a  methyne  proton  in  a  secondary  alcohol  grouping  (- 
OHCH-)  adjacent  to  a  methylene  group.  This  suggests  that  the  3- 
position  in  OH-deoxyARTL  has  a  secondary  alcohol  function. 

The  ^^c.nmr  of  OH-deoxyARTL  is  shown  in  Figure  17.  Comparison  of 
the  ^3c-nmr  spectrum  of  OH-deoxyARTL  with  that  of  artelinic  acid 
shows  that  the  spectrum  of  OH-deoxyARTL  lacks  the  resonance  (5 
36.3)  for  the  carbon  atom  in  the  3-position,  thus  supporting  the 
evidence  from  the  ^H-nmr  spectrum  that  the  3-position  of  artelinic 
acid  has  been  modified  in  the  transformation  of  artelinic  acid  to  OH- 
deoxyARTL.  The  13c-nmr  spectrum  of  OH-deoxyARTL  also  exhibits 
the.  appearance  of  a  new  (and  second)  resonance  (5  69.5)  for  an 
oxygen-bonded  carbon  atom,  which  corroborates  the  evidence  of  the 
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IH-nmr  spectrum  for  the  presence  of  a  hydroxy  group  on  the  carbon 
atom  in  position-3. 

The  thermospray  mass  spectrum  of  OH-deoxyARTL,  which  is 
illustrated  in  Figure  18(a),  has  the  following  peaks:  (m/z,  relative 
intensity  (%):  436,  12  %;  401.  2  %;  284,  35  %;  266,  83  %;  249,  69  %; 
231,  100  %;  ). 

The  mass  spectrum  shows  that  OH-deoxyARTL  has  the  same 
molecular  mass  as  artelinic  acid,  thus  confirming  that  OH-deoxyARTL 
was  formed  from  the  rearrangement,  or  isomerization  of  artelinic 
acid.  Similarly,  in  the  negative  ion  mass  spectrum,  (Figure  18(b))  the 
m/z  477  ion  is  the  acetate  adduct  ion  ([M  +  CH3COO]';  M  +  59),  thus 
showing  that  the  molecular  mass  of  OH-deoxyARTL  is  418  and  that 
OH-deoxyARTL  is  an  isomer  of  artelinic  acid.  A  proposed 
fragmentation  pattern  which  is  consistent  with  the  thermospray  mass 
spectrum  of  OH-deoxyARTL  is  shown  in  Figure  19.  The  ^  H-nmr, 
nmr  and  mass  spectra  are  consistent  .with  the  structure  of  OH- 
deoxyARTL  shown  in  Figure  3 

3-Hydroxydeoxyartelinic  acid  is  analogous  to  3- 

hydroxydeoxyarteether,  a  known  microbial  and  human  metabolite  of 
arteether.  The  iH-nmr  and  1 3 C-nmr  spectra  of  OH-deoxyARTL  are 
also  consistent  with  those  of  the  analogous  3a  - 
hydroxydeoxyartemisinin  which  was  also  reported  from  this  institute 
as  a  product  of  the  thermal  decomposition  of  artemisinin.  Isolated 
yields  of  7  to  12  mg  (percentage  yield  3  to  5  %)  of  3- 

hydroxydeoxyartelinic  acid  were  obtained  from  the  reactions. 

Deoxyartelinic  acid  (Figure  3,  deoxyARTL,  [4]  ),  was  formed  by 
the  simple  deoxygenation  of  artelinic  acid.  It  had  a  melting  point 
ofll6-1180.  The  1  H-nmr  which  is  shown  in  Figure  20  has  the 

following  resonances: 

5  (number  of  protons,  multiplicity  of  signal,  .Lvalue,  position  of 

proton) 

0.89  (3H,  d,  J  =  5.77,  Me-14), 

1.00  (3H,  d,  J  =  7.40,  Me-13), 

1.49  (3H,  s,  Me-15), 

2.50  (IH,  m,  H-11), 

4.59  (IH,  d,  J  =  13.36,  H-16(3), 

4.89  (IH,  d,  J  =  4.63,  H-12), 

4.94  (IH,  bs,  H-16a), 

5.33  (IH,  s,  H-5), 

7.43  (2H,  d,  J  =  8.19  H-18,  H-22), 

8.07  (2H,  d,  J  =  8.22,  H-19,  H-21). 
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The  l^c.nmr  is  shown  in  Figure  21.  As  might  be  expected  the 
nmr  spectra  of  deoxyARTL  are  very  similar  to  that  of  artelinic  acid. 
However,  the  thermospray  mass  spectrum  (m/z,  relative  intensity 
(%):  420,  0.4  %;  357.  1.1  %;  268,  16.5  %;  252,  16.7  %;  251,  100  %;  233, 
45.5  %;  223,  2.8  %;  215,  22.4  %;  205,  19.6  %.)  shows  that  deoxyARTL 
has  a  molecular  mass  of  402,  and  must  have  been  formed  by  the 
removal  of  one  oxygen  atom  from  artelinic  acid.  DeoxyARTL  was 
found  to  be  unresponsive  to  the  electrochemical  detector  during 
HPLC-ECD,  thus  indicating  that  deoxyARTL  must  have  been  formed  by 
the  deoxygenation  of  the  peroxide  group  of  artelinic  acid.  The  best 
yield  of  23  mg  of  deoxy artelinic  acid  was  obtained  from  the  reaction 
system  containing  hemin  and  glutathione. 

Analogs  of  DQHS,  including  OH-deoxyDQHS  and  deoxyDQHS  were 
identified  as  products  of  the  reaction  of  artelinic  acid  with  the  iron(II) 
complexes.  However,  these  compounds  are  not  of  primary  interest, 
since  their  standards  are  available,  while  the  focus  of  the  work  is  to 
obtain  the  unavailable,  authentic  standard  of  metabolites  of  artelinc 
acid. 

3-Hydroxydeoxydihydroqinghaosu  (Figure  3,  OH-deoxyDQHS, 
[6])  formed  by  the  reation  of  artelinic  acid  with  the  Udenfriend 
system  was  identified  by  comparison  of  its  HPLC  retention  time,  ^H- 
nmr  and  mass  spectra  with  those  of  an  authentic  standard.  The 
thermospray  mass  spectrum  (m/z,  relative  intensity  (%):  302,  7.3  %; 
285,  11  %;  284,  52.1  %;  267,  52.9  %;  266,  26.1  %;  249,  100  %;  239,  52.9 
%;  231,  17.9  %;  221,  5.8  %;  207,  6.8  %.)  is  very  similar  to  that  of  3- 
hydroxydeoxyartelinic  acid.  As  pointed  out  earlier,  the  facile 
fragmentation  of  the  carboxybenzyl  side-chain  of  artelinic  acid  and 
derivatives  gives  rise  to  thermospray  mass  spectra  that  are  very 
similar  to  those  of  DQHS  and  analogs  respectively.  3-OH-deoxyDQHS  (2 
mg)  was  isolated  only  from  the  reaction  of  artelinic  acid  with  the 
Udenfriend  system.  In  the  other  reactions,  this  compound  was  either 
not  formed,  or  it  was  formed  in  amounts  detectable  only  by  LC-MS. 
In  a  separate  work,  3-OH-deoxyDQHS  was  readily  isolated  from  the 
reaction  of  DQHS  itself  with  the  Udenfriend  reaction  system. 

Similarly,  deoxydihydroqinghaosu  (Figure  3, deoxyDQHS  ,  [7]) 
formed  by  the  reaction  of  artelinic  acid  with  the  reaction  systems  was 
also  identified  by  comparison  of  its  HPLC  retention  time  and  mass 
spectrum  with  those  of  an  authentic  standard.  Thermospray  mass 
spectrum  (m/z,  relative  intensity  (%):  286,  3.2  %;  268,  16.2  %;  252, 
16.8  %;  251,  100  %;  233,  35.0  %;  223,  59.9  %;  215,  2.5  %;  205,  - 3.3  %.) 
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The  mass  spectrum  of  deoxyartelinic  acid  is  almost  identical  to  that  of 
deoxyDQHS. 

Rearranged  dihydroqinghaosu  (Figure  1,  R-DQHS  [8])  has  been 
suggested  as  one  of  the  compounds  formed  by  the  respective  reaction 
of  artelinic  acid  with  the  Udenfriend  and  the  iron(lI)-oxine  systems 
on  the  basis  of  the  similarity  of  its  thermospray  mass  spectrum  to 
that  of  rearranged  artelinic  acid.  Thermospray  mass  spectrum  of 
rearranged  dihydroqinghaosu  (m/z,  relative  intensity  (%):  302,  4.4  %; 
284,  1.6  %;  267,  2.0  %;  242,  74.7  %;  225,  19.3  %;  224,  13.1%;  207,  17.2 
%;  206,  100  %;  195,  0.8  %.)  This  compound  has  not  been  isolated  and 
has  not  been  fully  characterized. 

LC-MS  of  the  extract  of  the  Udenfriend  system  showed  that 
DQHS  was  formed  in  this  system. 

4-  Hydroxymethyl  benzoic  acid  (p-carboxybenzyl  alcohol), 

identified  by  its  iH-nmr,  was  recovered  by  TLC  from  the  reaction  of 
artelinic  acid  with  the  Udenfriend,  iron(II)-thiosalicylic  and  iron(II)- 
oxine  systems  respectively. 

No  compound  resulting  from  the  hydroxylation  of  the  aromatic 
ring  of  artelinic  acid  was  observed  in  this  study. 

A  possible  hydroxylated  artelinic  acid  derivative  (Figure  1,  [5]), 
with  the  position  of  the  hydroxy  uncertain  was  found  to  be  one  of  the 
products  of  the  reaction  of  artelinic  acid  with  the  hemin-based 
reagents  and  the  iron(II)-8-hydroxyquinoline  reagent.  The  amount 
of  this  compound  isolated  was  not  sufficient  to  allow  a  complete 
characterization  of  the  compound.  Our  attempt  to  find  the  optimum 
reaction  conditions  for  an  enhanced  yield  of  the  hydroxylated 
artelinic  acid  derivative,  and  to  characterize  the  compound  form  the 
subject  of  Section  II  of  this  report. 


2.3.  DISCUSSION 

2.3.1.  Study  of  Drug  Metabolism  with  Chemical  Models  of 
Cytochrome  P-450 

The  catalytic  mechanism  of  the  cytochrome  P-450  enzymes  has 
been  extensively  studied  and  chemical  reactions  that  model  biological 
oxygenation  by  the  cytochrome  P-450  enzymes  have  been  an  active 
area  of  interest  over  the  last  forty  years.  The  early  studies  of 
chemical  reactions  that  model  biological  oxygenation  have  been 
reviewed  (15).  Within  the  last  twenty-five  years  however,  these 
studies  have  focussed  almost  exclusively  on  the  development  of  heme 
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model  systems  based  on  iron  or  manganese  porphyrin  complexes  and 
the  application  of  these  models  to  the  elucidation  of  the  mechanism  of 
dioxygen  activation  and  oxygenation  of  hydrocarbons  by  the 
cytochrome  P-450  enzymes. 

Although  many  chemical  models  of  P-450  have  been  developed,  only 
very  simple  compounds  such  as  cyclohexane,  styrene,  adamantane, 
aniline,  toluidine,  etc  have  been  used  as  substrates.  There  have  been 
only  a  few  reports  on  the  application  of  chemical  models  of  the  P-450 
enzymes  to  study  the  metabolism  of  actual  drugs.  It  was  shown  by 
Zbaida  and  coworkers  that  the  reactions  of  Fenton  reagent  with 
cimetidine,  theophylline,  theobromine  and  caffeine  simulate  the 
hepatic  metabolism  of  these  compounds  (16,  17)  Similarly,  Hirobe 
and  coworkers  studied  the  reactions  of  phencyclidine  with  a  number 
of  chemical  P-450  model  systems  including  the  Udenfriend  system, 
Fenton's  reagent,  and  metalloporhyrin-based  models  (18).  These 
workers  also  applied  metalloporhyrin-based  model  systems  to  study 
the  metabolic  pattern  of  an  antiasthma  pyrazolo[l  ,5-a]pyridine 
derivative  and  to  prepare  an  unstable,  intermediate  epoxide 
metabolite  of  the  compound  (19,  20) 

Application  of  model  systems  to  study  drug  metabolism  has 
many  attractive  advantages.  The  most  important  of  these  in  the 
present  context  are  the  simplicity  of  procedure  and  the  formation  of 
metabolite  candidates  in  sufficient  amounts  to  be  used  to  identify  the 
real  in  vivo  metabolites.  Unlike  the  use  of  model  systems  to  study 
the  catalytic  mechanism  of  the  cytochrome  P-450  enzymes,  the 
validating  principle  in  the  application  of  this  concept  to  drug 
metabolism  studies  would  be  based  on  the  identity  of  the  products  of 
the  model  reaction  to  the  actual  and  expected  products  of  hepatic 
metabolism,  without  regard  to  the  structural  similarity  between  the 
model  system  and  the  enzyme,  which  is  a  more  relevant  concern  in 
mechanistic  studies.  Based  on  this  consideration  we  examined  the 
reaction  of  artelinic  acid  with  chemical  model  systems  of  cytochrome 
P-450  only  as  means  of  obtaining  the  putative  metabolites  of  the 
compound  in  sufficient  amounts  to  be  used  for  the  identification  of 
the  real  in  vitro  and/or  in  vivo  hepatic  metabolites. 

2.3.2.  Simulation  of  the  Metabolism  of  Artelinic  Acid 
with  the  Udenfriend  System 

The  earliest  of  the  cheiriical  model  systems  of  cytochrome  P- 
450,  which  has  come  'to  be  known  as  the  Udenfriend  system,  is  a  non¬ 
heme  system  consisting  of  a  mixture  of  ferrous  ion,  ascorbic  acid, 
EDTA,  and  molecular  oxygen  (21).  This  reagent  has  been  reported  to 
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hydroxylate  aromatic  hydrocarbons  as  well  as  the  saturated  carbon  of 
steroids  (22).  In  common  with  the  other  reagents,  the  Udenfriend 
system  brought  about  the  biomimetic  rearrangement  of  artelinic  acid 
to  the  furan  acetate  derivative  (Figure  3,  R-ARTL;  [2]  )  and  3- 
hydroxydeoxyartelinic  acid  (Figure  3,  OH-deoxyARTL;  [3].)  This 
system  is  apparently  the  most  effeetive  in  causing  the  removal  of  the 
4-carboxybenzyl  side-chain  of  artelinic  acid  thus  simulating  the 
enzymatic  dealkylation  of  the  compound.  Deoxygenation  of  artelinic 
acid  to  deoxyartelinic  acid  was  not  observed  with  this  reagent. 
Unchanged  artelinic  acid  was  also  isolated  from  this  reaction  system. 

There  was  no  reaction  with  artelinic  acid  when  hydrogen 
peroxide  was  added  to  the  system,  thus  converting  it  to  a  Fenton 
reagent. 

2.3.3.  Simulation  of  the  Metabolism  of  Artelinic  Acid 

with  the  Hemin-Thiol  Systems 

The  simulation  of  cytochrome  P-450  by  the  combination  of 
hemin  and  thiol-containing  compounds  such  as  cysteine  and 
glutathione  was  extensively  studied  by  Sakurai  and  co-workers  who 
showed  that  the  spectroscopic  characteristics  of  these  systems 
simulate  those  of  cytochrome  P-450  and  that  the  hydroxy lation  of 
simple  aromatic  compounds  such  as  chlorotoluene  and  toluidine  by 
these  systems  is  accompanied  by  the  NIH-shift  (23-28). 

.  Hydroxylation  of  eyclohexane  to  cyclohexanol  by  a  combination  of 
hemin  and  thiosalicylic  acid  has  also  been  reported  (29).  The  present 
work  is  the  first  attempt  to  apply  these  systems  to  a  study  of  the 
metabolism  of  a  drug.  When  the  reaction  of  artelinic  acid  and  the 
hemin-based  reagents  was  earried  out  in  a  purely  aqueous  medium 
most  of  the  artelinic  acid  was  recovered  unchanged,  with  only  traces 
of  ARTL  and  deoxyartelinic  acid  (Figure  3,  deoxyARTL,  [4])  being 
detected  by  LC-MS.  The  activity  of  the  hemin-based  reaction  systems 
was  reported  to  be  influenced  by  the  polarity  of  the  medium,  and  it  is 
possible  that  this  effeet  is  being  observed  here.  When  the  reaction 
was  carried  out  in  aqueous  acetone,  a  virtually  complete 
transformation  of  artelinic  acid  was  observed,  with  the  unchanged 
compound  being  only  detectable  by  LC-MS.  In  aqueous  acetone, the 
hemin-based  systems  brought  about  the  deoxygenation  of  artelinic 
acid  to  deoxyartelinic  acid.  These  systems  were  virtually  ineffective 
in  the  dealkylation  of  artelinic  acid  or  the  related  3-OH-deoxyartelinic 
acid  and  deoxyartelinic  acid  to  their  corresponding  DQHS  forms.  Thus, 
neither  DQHS  nor  deoxyDQHS  was  formed,  and  only  traces  of  3-0 H- 
deoxyDQHS  was  detected,  in  the  hemin-based  systems.  As  stated 
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above,  a  compound  suspected  to  be  a  possible  hydroxyartelinic  acid 
was  also  formed  in  the  hemin-cysteine  and  hemin-glutathione 
systems.  The  hemin-thiosalicylic  acid  reagent  yielded  only  traces  of 
the  suspected  hydroxyartelinic  acid. 

2.3.4.  Simulation  of  the  Metabolism  of  Artelinic  Acid 

with  the  Iron(II)-Thiosalicylic  Acid  system 

The  combination  of  iron(II)  with  thiosalicylic  acid  is  one  of  the 
early  variations  on  the  Udenfriend  system,  and  this  reagent  was 

found  to  hydroxylate  simple  aromatic  and  aliphatic  hydrocarbons 
(30).  There  has  been  no  application  of  this  reagent  to  the  study  of 
drii2  metabolism.  No  reaction  was  observed  when  the  reagent  was 
used  in  a  purely  aqueous  medium.  In  the  acetone  rich  medium, 
however,  the  iron(II)-thiosalicylic  acid  system  brings  about  the 
biomimetic  rearrangement,  deoxygenation  and  dealkylation  of 
artelinic  acid.  Also,  a  compound  (Figure,  4,  [U])  whose  mass  spectrum 
suggests  to  be  a  possible  hydroxylated  artelinic  acid  derivative  was 
detected  by  LC-MS  from  the  iron(II)-thiosalicylic  acid  system.  The 
iron(II)-thiosalicylic  acid  system  thus  simulates  the  putative 
metabolism  of  artelinic  acid  more  closely  than  the  hemin-based 

systems,  even  though  the  hemin-based  systems  may  be  considered 
structurally  closer  to  the  P-450  enzyme.  The  systems  containing 
thiosalicylic  acid  were,  however,  found  to  be  less  convenient  than  the 
hemin-based  systems  because  the  poor  solubility  of  the  2,  2'- 

dicarboxy  diphenyldisulphide  formed  by  the  air  oxidation  of  the 
thiosalicylic  acid  interferes  in  the  recovery  and  subsequent 
chromatography  of  the  desired  reaction  products.  This,  however,  will 
not  a  problem  in  work  with  other  artemisinin  derivatives,  such  as 

arteether,  -which  are  not  acids.  In  such  cases,  the  2,2'-dicarboxy 
diphenyldisulphide  would  be  readily  removed,  after  the  reaction,  by 

extraction  with  dilute  alkali. 

2.3.5.  Simulation  of  the  Metabolism  of  Artelinic  Acid 

with  the  Iron(II)-8-hydroxyquinoline  System 

The  simulation  of  cytochrome  P-450  drug  metabolising  activity 
by  the  combination  of  iron(II)  and  8-hydroxyqui noline  (oxine)  has 
not  been  reported  previously.  Like  the  henrin-based  systems,  the 
iron(II)-oxine  system  caused  the  rearrangement  of  artelinic  acid  into 
R-ARTL  and  3-hydroxydeoxyartelinic  acid  [3],  its  deoxygenation  to 
deoxyartelinic  acid  [4]  and  its  possible  hydroxylation  to  a 
hydroxyartelinic  acid.  In  addition,  this  system  is  capable  of  effecting 
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biomimetic  dealkylation  as  evidenced  in  the  formation  of  deoxyDQHS 
and  the  compound  tentatively  identified  as  rearranged  DQHS.  Thus 
this  simple  iron(II)-oxine  system  simulates  the  putative  metabolism 
of  artelinic  acid  more  closely  than  the  hemin-based  systems. 


2.4.  CONCLUSION 

Standards  of  metabolites  of  artelinic  acid  produced  by  the 
isomerization/rearrangement  pathway  can  be'  produced  by  the 
reaction  of  the  compound  with  simple  reaction  systems  that  simulate 
the  cytochrome  P-450  catalyzed  metabolism  of  the  compound. 

This  approach  is  simple,  cheap,  rapid  and  convenient. 


3.  SECTION  II 

3.1.  BIOMIMETIC  HYDROXYLATION  OF  ARTELINIC  ACID 

3.1.1.  Introduction 

As  shown  in  the  work  described  above,  our  attempts  to 
chemically  simulate  the  metabolism  of  artelinic  acid  by  reaction  of 
artelinic  acid  with  different  complexes  of  iron(II)  gave  rise  mostly  to 
products  formed  by  the  isomerization  and  deoxygenation  pathways 
(Figure  1).  While  the  work  described  above  was  in  progress,  a 
number  of  reports  appeared  on  the  reaction  of  artemisinin  and  other 
1,2,4-trioxanes  with  ferrous  salts,  in  studies  aimed  at  elucidating  the 
mechanism  of  antimalarial  action  of  these  compounds  (31,  32,  33,  34) 

All  the  reports  showed  that  iron(II)  salts  caused  the 
isomerization  of  artemisinin  to  the  furano  acetate  derivative  and  3- 
hydroxydeoxyartemisiniii,  in  a  manner  analogous  to  our  own 
observation  on  the  isomerization  of  artelinic  acid  to  the 
corresponding  furano  acetate  isomer  and  3-hydroxydeoxyartelinic 
acid  by  complexes  of  iron(II). 

The  challenge  then  was  to  use  the  iron(n)  complexes  to 
catalyse  the  hydroxylation  of  artelinic  acid  while  avoiding  its 
isomerization.  The  reports  on  the  isomerization  of  artemisinin  by 
iron(IT)  salts  only  encouraged  our  own  approach  of  using  the  iron(II) 
complexes  rather  than  the  iron(II)  salts.  .  It  was  thought  that  the 
complexed  iron(II)  ion  might  be  less  oxophilic  than  the  non- 
complexed,  relatively  'naked'  ion  in  the  salt  form.  Thus  the  iron 
complex  might  be  less  reactive  towards  the  peroxide  group  of 
artelinic  acid  and,  therefore,  less  able  to  cause  the  isomerization 
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and/or  deoxygenation  of  artelinic  acid,  while  at  the  same  time 
retaining  enough  reactivity  towards  dioxygen  to  be  able  to  catalyze 
the  hydroxylation  of  artelinic  acid.  In  other  words,  we  speculated 
that  the  complex  of  iron(II)  should  be  able  to  mimic  the  action  of 
cytochrome  P-450  on  artelinic  acid  more  closely  than  the  inorganic 
salts  of  iron(II),  especially  with  regards  to  the;  hydroxylation  of 
artelinic  acid. 

The  direct  chemical  hydroxylation  of  saturated  (or  unactivated) 
hydrocarbons  (C-hydroxylation)  usually  requires  very  drastic 
conditions  of  high  temperature,  high  pressure  and  the  use  of  strongly 
electrophilic  reagents.  Such  drastic  C-hydroxylation  methods 

cannot  be  applied  to  artelinic  because  such  conditions  would  only 
cause  the  degradation  of  the  artelinic  acid  molecule.  In  contrast  to 
chemical  reagents,  C-hydroxylation  of  an  unactivated  carbon- 
hydrogen  bond  takes  place ,  readily,  and  under  mild  conditions,  in 
biological  systems  by  use  of  enzyme  systems  such  as  the  iron- 
porphyrin  based  cytochrome  P-450  or  the  non-heme  iron-protein  co- 
hydoxylase.  To  the  chemist,  therefore,  simulation  of  these  enzyme 
systems  remains  both  a  practical  and  intellectually  interesting 
challenge. 

Hydrocarbon  hydroxylation  may  be  viewed  as  the  insertion  of 
an  oxygen  atom  into  the  C-H  bond  to  give  a  C-OH  group.,  i.e.  as  an 
oxygenation: 


OH 


Enzyme  systems  capable  of  oxygenating  hydrocarbons  are 
known  to  do  so  because  of  their  ability  to  activate  dioxygen.  Non- 
enzymic  reactions  which  may  bring  about  the  activation  of  dioxygen 
would,  therefore,  be  expected  to  cause  the  oxygenation  of  the  C-H 
bond  under  mild  conditions.  Such  reactions  would  be  considered  to 
be  'biomimetic  oxygenation  reactions'.  The  desire  to  hydroxylate 
artelinic  acid  under  mild  conditions  led  us  to  a  study  of  reactions  of 
metal  complexes  that  might  bring  about  the  activation  of  dioxygen. 

There  is  a  kinetic  barrier  to  oxidations  by  di oxygen  which 
results  from  two  properties  of  dioxygen.  Namely: 

i.  Ground  state  dioxygen  is  a  triplet  state 


23 


ii.  Lowest  orbital  available  to  accept  an  electron  is  a  partially- 
filled  anti-bonding  7t;-orbital,  making  a  one-electron  reduction 
of  dioxygen  difficult. 

Processes  that  help  to  overcome  these  kinetic  barriers  to 
oxidation  are  said  to  cause  the  activation  of  dioxygen.  Activation  of 
dioxygen  may  involve  excitation,  reduction  or  coordination. 

Excitation  is  the  perturbation  of  the  7r*-orbitals  of  dioxygen 
without  an  electron  transfer: 

23  kcal/mol 


Succesive  one-electron  reduction  of  dioxygen 
superoxide  ion,  hydrogen  peroxide  and  a  hydroxy  radical 


+  HO“ 


produces 


Ground  state  dioxygen  may  be  activated  through  coordination 
to  transition  metal  complexes.  The  iron-porhyrin  complex  of 
cytochrome  P-450  is  an  example  of  such  a  complex.  The  analogic 
reasoning  which  suggests  other  complexes  of  iron(II)  as  possible 
mimics  of  the  iron-porphyrin  complex  of  cytochrome  P-450  is  quite 
obvious.  The  metal  accomplishes  the  activation  of  dioxygen 
essentially  by  bringing  about  the  addition  of  an  electron  into  the 
antibonding  Tt-orbital  of  dioxygen  through  strong  donation  of  re- 
electrons  into  the  re*-orbitals.  The  triplet  character  of  ground-state 
dioxygen  is  also  eliminated  as  indicated  by  the  diamagnetic  nature  of 
the  metal-oxygen  complexes. 

Addition  of  dioxygen  to  many  ferrous  chelates  results  in 
oxidation  of  the  iron,  not  an  iron-oxygen  complex.  In  the  oxidation  of 
the  metal,  electrons  must  be  transferred  from  the  iron  to  the 
dioxygen,  followed  by  the  separation  of  a  negatively  charged 
dioxygen  species  and  a  more  positively  charged  iron.  Thus  the 
oxidation  would  be  inhibited  by  a  medium  of  low  dielectric  constant. 

Furthermore,  it  should  be  noted  that  the  same  iron-porphyrin 
complex  contained  in  hemoglobin,  cytochromes  in  the  electron- 
transfer  system,  tryptophan  2,3 -dioxygenase  and  cytochrome  P-450 
displays  different  behaviour  depending  on  the  environment  where 
the  complex  is  located.  That  the  consequences  of  the  interaction  of 
these  complexes  with  oxygen  would  be  sensitive  to  the  environment 
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of  the  complex,  is  also  shown  clearly  by  the  difference  in  the 
behaviour  of  the  iron-porphyrin  complex  of  hemoglobin  towards 
oxygen,  and  the  behaviour  of  the  same  complex  in  cytochrome  P-450. 
Based  on  these  observations,  we,  therefore,  studied  the  reaction  of 
artelinic  acid  with  the  various  complexes  of  iron(II)  and 
manganese(II)  in  various  solvents. 

Studies  with  synthetic  porphyrins  have  shown  that  iron- 
porphyrin  complexes  iormed  from  porphyrins  which  are  highly 
substituted  with  electronegative  groups,  such  as  halogens  and  the 
nitro  group,  are  more  reactive  in  the  hydroxylation  of  hydrocarbons 
that  the  iron  complexes  of  unsubstituted  porphyrins.  By  analogy, 
therefore,  we  studied  the  reaction  of  artelinic  acid  with  the  iron(II) 
complexes  of  8-hydroxyquinolines  which  are  substituted  with 
electronegative  groups  in  the  5-position  to  see  if  these  would  be  more 
effective  than  8-hydroxyquinoline  itself  in  bringing  about  the 
hydroxylation  of  artelinic  acid. 

The  attempt  to  hydroxylate  artelinic  acid  using  the  complexes  of 
iron(n)  as  catalysts  requires  that  the  complex  and  the  conditions  of 
the  reaction  be  such  that  i  would  bring  about  C-hydroxylation  of 
artelinic  acid  while  avoiding  the  much  more  facile  isomerization 
pathway.  With  the  thinking  that  one  way  to  inhibit  isomerization  is  to 
reduce  the  oxophilicity  of  the  complex,  and  assuming  the  presence  of 
secondary  ligands  might  reduce  the  oxophilicity  of  the  complex,  we 
studied  the  reactions  of  artelinic  acid  with  the  complexes  of  iron(II) 
and  manganese(II)  in  presence  of  mercaptoethanol  and/or  pyridine 
as  possible  secondary  ligands. 

Studies  with  synthetic  porphyrins  have  shown  that  synthetic 
manganese-porphyrin  complexes  bring  about  oxygen  activation  in  the 
same  way  as  synthetic  iron-porphyrin  complexes.  Both  classes  of 
complexes  have  been  used  to  catalyse  olefin  epoxidation  (35,  36). 
Many  non-porphyrinic  complexes  of  manganese(n)  have  also  been 
shown  to  be  sensitive  to  dioxygen,  clearly  suggesting  that  they  may 
act  as  oxygenation  catalysts  (37).  Guided  by  these  observations,  we 
also  studied  the  reaction .  of  artelinic  acid  with  complexes  of 
manganese(II). 

3.2.  MATERIALS  AND  METHODS 
Chemicals 

All  reagents  and  chemicals  were  obtained  from  Aldrich  Chemical 
Co  (Milwakee,  USA)  except  artelinic  acid  and  sodium  artelinate  which 
were  from  the  Walter  Reed  Inventory. 
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Instrumentation 

3.2.1.  Isolation  of  Reaction  Products 

Preparative  thin  layer  chromatography  was  carried  out  using 
20cm  X  20cm  tappered  layer  plates  (Uniplate,  Analtech  Inc,  Newark, 
DE,  USA)  with  a  hexane:acetone:acetonitrile  (75/25/5,  v/v/v) 
mixture  as  mobile  phase. 

Preparative  HPLC  was  performed  on  a  Waters  liquid 
chromatography  system  consisting  of  two  Waters  model  510  solvent 
delivery  units,  a  U6K  injector  and  a  Waters  model  440  UV  detector 
set  at  254  nm.  A  Waters  u  Bondapak  Cig  preparative  column  (7.8 
mm  X  300  mm;  10  mm)  was  used  with  a  mobile  phase  consisting  of 
O.IM  ammonium  acetate  buffer  (pH  4.5)  and  acetonitrile.  Elution 
was  done  with  a  stepwise  gradient  starting  with  80:20  (v/v)  O.IM 
ammonium  acetateiacetonitrile '  and  maintained  for  70  min  and 
changed  to  a  70:30  ratio  (70  min  to  92  min)  ,  then  changed  to  a60:40 
ratio  (from  92  min  to  110  min),  and  finally  maintained  at  a  50:50 
ratio  (from  92  to  140  min).  Mobile  phase  flow  rate  was  2.0  ml/min. 

For  HPLC,  the  reaction  products  were  dissolved  in  methanol  just 
before  injection.  It  was  found  that  keeping  a  solution  of  the  reaction 
products  in  methanol  for  two  or  more  hours  resulted  in  a  very 
significant  decrease  in  the  peak  size  of  one  of  the  compounds  which 
is  identified  as  OH-ARTL  below.  In  situations  where  all  the  crude 
reaction  product  could  not  be  chromatographed  at  once,  the  material 
was  dissolved  in  dichlorombthane  and  portions  of  this  solution  were 
evaporated  and  the  residue  redissolved  in  methanol  just  before 
injection  into  the  HPLC. 

After  each  run,  the  column  was  washed  with  pure  acetonitrile  for  20 
min  foilwing  the  injection  of  pure  methanol  to  clean  the  injection 
port.  Acetonitrile  was  removed  from  the  collected  fractions  with  a 
stream  of  nitrogen  and  the  fractions  were  then  extracted  with  ethyl 
acetate  (3  ml)  by  shaking  on  a  vortex  mixer  for  2  min.  The  ethyl 
acetate  extracts  were  dried  with  anhydrous  sodium  sulphate  and 
evaporated  with  a  stream  of  nitrogen.  The  residues  were  crystallised 
from  a  mixture  of  diethyl  ether  and  hexane. 

For  the  qualitative  examination  of  the  reaction  products,  a 
slightly  shorter  gradient  was  also  used,  consisting  of  the  following 
steps:  80:20  (v/v)  O.IM  ammonium  acetate: acetonitrile  (from  0  to  60 
min);  70:30  ratio  (60  min  to  90  min)  ,  then  50:50  ratio  (from  90  to 
120  min).  Mobile  phase  flow  rate  was  2.0  ml/min. 
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3.2.2.  Characterization  of  Reaction  Products 

Mass  spectrometric  identification  of  the  reaction  products  was 
performed  using  a  HPLC-MS  system  consisting  of  a  Hewlett  Packard 
1090  Liquid  Chromatograph  System  linked  with  a  Hewlett  Packard 
HP  5989A  Mass  Spectrometer  via  a  Hewlett  Packard  therraospray 
interface.  A  pBondapak  Cjg  column  (2.1  mm  x  100  mm;  5  p)  was 
used,  with  a  mobile  phase  consisting  of  O.IM  ammonium  acetate  (pH 
4.5)  and  acetonitrile.  Elution  was  done  with  either  of  two  linear 
gradients:  95:5  (v/v)  O.IM  ammonium  acetate:acetonitrile 

maintained  for  10  min  and  then  increasing  to  a  30:70  ratio  at  60  min, 
and  held  at  this  ratio  for  a  further  20  min  (flow  rate  0.4  ml/min),  or 
90:10  (v/v)  O.IM  ammonium  acetate: acetonitrile  maintained  for  10 
min  and  then  increasing  to  a  60:40  ratio  at  60  min,  and  held  at  this 
ratio  for  a  further  30  min  (flow  rate  0.4  ml/min).  The  thermospray 
interface  was  operated  in  the  "fragmenter  on"  mode  at  a  vaporiser 
temperature  of  85-960C  (or  87-105OC)  and  a  source  temperature  of 
220OC. 

Negative  ion  mass  spectrometry  was  carried  out  using  on  a 
HPLC-MS  system  consisting  of  a  Hewlett  Packard  1050  Liquid 
Chromatograph  System  linked  with  Finnegan  LCQ  Mass 
Spectrometer.  A  pBondapak  Cig  column  (4.6  mm  x  150  mm;  5  p) 
was  used,  with  a  mobile  phase  consisting  of  25mM  ammonium 
acetate  (pH  4.5)  and  acetonitrile.  Elution  was  done  with  a  linear 
gradient  of  90:10  (v/v)  25mM  ammonium  acetate:acetonitrile 

maintained  for  10  min  and  then  increasing  to  a  60:40  ratio  until  60 
min,  and  held  at  this  ratio  for  a  further  20  min  (flow  rate  1.0 
ml/min).  Ionization  was  by  Atmospheric  Pressure  Chemical 
Ionization  (APCI),  with  the  discharge  needle  set  at  5kV. 

1H-  and  l^c.^mr  spectra  were  obtained  on  a  Brucker  AC  300 
Spectrometer,  using  CDCI3  as  solvent  and  Me4Si  as  internal  standard. 

Melting  points  (uncorrected)  were  determined  on  a  Thomas 
Hoover  Uninielt^  capillary  melting  point  apparatus. 

3.2.3.  Reaction  of  artelinic  acid  with  iron(II)  chloride 

and  8-hydroxyquinoline  (HQ)  in  aqueous  acetone 

Iron(II)  chloride  tetrahydrate  (119  mg:  0.6  mmol)  was  dissolved  in 
about  10  ml  of  water  and  a  solution  of  174  mg  (1.2  mmol)  of  8- 
hydroxyquinoline  in  10  ml  of  acetone  was  added.  A  dark  blue 
mixture  was  formed  immediately.  Artelinic  acid  (50  mg;  0.12  mmol) 
was  added  and  the  mixture  stirred  overnight  for  18  h.  The  mixture 
was  centrifuged  (3000  rpm;  15  min)  and  the  supernatant  was 
separated  and  the  acetone  removed  evaporated  with  a  stream  of 
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nitrogen.  The  resulting  residue  was  extracted  with  ethyl  acetate. 
The  ethyl  acetate  extract  was  shaken  successively  with  2  x  20  ml  of 
0.5  M  hydrochloric  acid  and,  20  ml  of  distilled  water  and  then  dried 
over  anhydrous  sodium  sulphate.  The  oily  residue  obtained  was 
analysed  by  LC-MS  and  chromatographed  by  gradient  HPLC. 

3.2.4.  Reaction  of  artelinic  acid  with  iron(II)  sulfate 

and  8-hydroxyquinoline  (HQ)  in  aqueous  acetone 

A  mixture  of  Iron(II)  sulphate  (FeS04.7H20;  166mg;  0.6mmol)  and 
5ml  of  water  was  sonicated  in  an  ultrasonic  bath  for  15min  before 
adding  to  a  solution  of  174mg  (1.2mmol)  of  hydroxyquinoline  in 
25ml  of  acetone.  More  water  (2.5ml)  and  acetone  (5ml)  were  added 
to  the  dark  blue  mixture,  followed  by  50mg  (0.12mmol)  artelinic 
acid.  The  mixture  was  stirred  at  room  temperature  for  18h  and  the 
centrifuged  at  SOOOrpm  for  15min.  The  supernatant  was  removed 

and  the  acetone  evaporated  with  a  stream  of  nitrogen.  Water 
(10ml)  was  added,  and  the  aqueous  mixture  was  then  extracted  with 
30ml  of  ethyl  acetate  by  shaking  on  a  vortex  mixer  for  3min.  The 
ethyl  acetate  extract  was  washed  twice  with  15ral  of  dilute 

hydrochloric  acid.  The  ethyl  acetate  extract  was  dried  over 
anhydrous  sodium  sulfate  and  the  solvent  vaporated  with  a  stream 
of  nitrogen.  The  oily  residue  obtained  was  examined  by  gradient 
HPLC  and  by  LC-MS. 

3.2.5.  Reaction  of  artelinic  acid  with  iron(II)  chloride 

and  8-hydroxyquinoline  (HQ)  in  a  mixture  of  acetone 
and  mercaptoethanol 

Sixty  milligrams  (0.3mmol)  of  iron(II)  chloride  were  dissolved  in 
25ml  of  acetone  in  a  250ml  round-bottom  flask  by  stirring  on  a 
magnetic  stirrer  for  5min.  Hydroxyquinoline  (87mg;  O.bmmol)  was 
added,  and  the  mixture  stirred  at  room  temperature  for  15min. 
Mercaptoethaol  (1.5ml)  was  then  added,  followed  by  50mg 
(0.12mmol)  of  artelinic  acid.  The  mixture  was  stirred  at  room 

temperature  for  21h  and  the  transferred  to  a  50-ml  plastic  test  tube. 

The  solvent  was  evaporated  ,with  a  stream  of  nitrogen,  and  the 
residue  reconstituted  in  30ml  of  ethyl  acetate.  The  ethyl  acetate 

solution  was  washed  with  thrice  with  20ml  of  dilute  hydrochloric 
acid,  and  twice  with  20ml  of  distilled  water. 

The  ethyl  acetate  solution  was  dried  over  anhydrous  sodium  sulfate, 
and  the  solvent  evaporated  with  a  stream  of  nitrogen.  The  oily 
residue  obtained  was  examined  by  gradient  HPLC  and  by  LC-MS. 
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3.2.6.  Reaction  of  artelinic  acid  with  iron(II)  chloride 

and  8-hydroxyquinoline  (HQ)  in  a  mixture  of 
acetone  and  pyridine 

Sixty  millihrams  (O.Smmol)  of  iron(II)  chloride  was  dissolved  in 
25ml  of  acetone  in  a  250ml  round-bottom  flask  by  stirring  on  a 
magnetic  stirrer  for  5min.  Hydroxyquinoline  (87mg;  O.bmmol)  was 
added,  and  the  mixture  stirred  at  room  temperature  for  15min. 
Pyridine  (1.5ml)  was  then  added,  followed  by  25  mg  (0.12mmol)  of 
artelinic  acid.  The  mixture  was  stirred  at  room  temperature  for  21  h 
and  then  transferred  to  a  50-ml  plastic  test  tube.  The  solvent  was 
evaporated  with  a  stream  of  nitrogen,  and  the  residue  reconstituted 
in  30ml  of  ethyl  acetate.  The  ethyl  acetate  solution  was  washed 
with  thrice  with  20ml  of  dilute  hydrochloric  acid,  and  twice  with 
20ml  of  distilled  water.  r  : 

The  ethyl  acetate  solution  was  dried  over  anhydrous  sodium  sulfate, 
and  the  solvent  evaporated  with  a  stream  of  nitrogen.  The  oily 
residue  obtained  was  examined  by  gradient  HPLC  and  by  LC-MS. 

3.2.7.  Reaction  of  artelinic  acid  with  iron(n)  and 

8-hydroxy-5-nitroquinoIine  (NHQ)  in  a  mixture 
of  acetone  and  mercaptoethanol 

8-Hydroxy-5-nitroquinoline  (114mg;  0.6  mmol)  was  dissolved  in  5 
ml  of  acetone  in  a  250ml  round-bottom  flask  and  60mg  (0.3  mmol) 
of  iron(II)  chloride  (FeCl2.4H20)  .  The  mixture  was  stirred  with  a 
magnetic  stirrer  at  room  temperature  for  30min.  Mercaptoethanol  (2 
ml)  was  added  to  the  mixture,  followed  by  50  mg  (0.12  mmol)  of 
artelinic  acid.  The  mixture  was  -  stirred  at  room  temperature  for  20h. 

The  acetone  was  evaporated  with  a  stream  of  nitrogen  and  the 
dark  residue  was  redissolved  mixed  with  25ml  of  ethyl  acetate  and 
the  ethyl  acetate  solution  transferred  to  a  50-ml  plastic  test  tube. 
The  ethyl  acetate  solution  was  washed  repeatedly  with  dilute 
hydrochloric  acid  (2M)  by  shaking  on  a  vortex  mixer  until  it  turned 
light  yellow.  The  ethyl  acetate  solution  was  then  dried  over 
anhydrous  sodium  sulfate,  and  the  solvent  evaporated  with  a  stream 
of  nitrogen.  The  oily  residue  obtained  was  examined  by  gradient 
HPLC  and  by  LC-MS. 

3.2.8.  Reaction  of  artelinic  acid  with  iron(II)  and 

8-hydroxy-5-nitroquinoline  (NHQ)  in  a  mixture 
of  acetone  and  pyridine 

8-Hydroxy-5-nitroquinoline  (1 14mg;  0.6mmol)  was  placed  in  a 
250ml  round-bottom  flask  and  mixed  with  12ml  of  acetone  and 
60mg  (0.3mmol)  of  iron(II)  chloride  (FeCl2.4H20)  .  The  dark  green 
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mixture  was  stirred  with  a  magnetic  stirrer  at  room  temperature  for 
SOmin.  Pyridine  (6ml)  was  added  to  the  mixture,  followed  by  50mg 
(0.12mniol)  of  artelinic  acid.  The  mixture  was  stirred  at  room 
temperature  for  22h. 

The  solvent  was  evaporated  with  a  stream  of  nitrogen.  The  dark 

residue  was  redissolved  in  about  15m]  of  ethyl  acetate  and  the  ethyl 
acetate  solution  transferred  to  a  50-ml  plastic  test  tube.  The  ethyl 
acetate  solution  was  washed  repeatedly  with  dilute  hydrochloric 
acid  (2M)  by  shaking  on  a  vortex  mixer  until  it  turned  light  yellow. 
The  ethyl  acetate  solution  was  then  dried  over  anhydrous  sodium 

sulfate,  and  the  solvent  evaporated  with  a  stream  of  nitrogen.  The 
oily  residue  obtained  was  examined  by  gradient  HPLC  and  by  LC-MS. 

3.2.9.  Reaction  of  artelinic  acid  with  iron(II)  and 

8-hydroxy-5-nitroquinoline  (NHQ)  in  pure  acetone 

The  preceeding  experiment  was  repeated,  but  using  30  ml  of  pure 
acetone  as  solvent. 

3.2.10.  Reaction  of  artelinic  acid  with  iron(II)  and 

8-hydroxy-5-nitroquinoline  (NHQ)  in  pure  pyridine 

The  experiitient  described  in  section  3.2.8  was  repeated,  but  using  10 
ml  of  pure  pyridine  as  solvent. 

3.2.11.  Reaction  of  artelinic  acid  with  iron(II)  and 

8-hydroxy-5-nitroquinoline  (NHQ)  in 
dichloromethane,  in  presence  of  imidazole 

8-Hydroxy-5-nitroquinoline  (57mg;  O.Sramol)  was  placed  in  a  250ml 
round-bottom  flask  and  mixed  with  20ml  of  dichloromethane  and 
30mg  (3mmol)  of  iron(II)  chloride  (FeC]2.4H20)  .  The  mixture  was 
stirred  at  room  temperature  for  Ih.  Imidazole  (lOOmg;  1.5mmol) 
was  then  added,  followed,  after  a  futher  15min  of  stirring,  by  the 
addition  of  25mg  (O.Obmmol)  of  artelinic  acid.  The  reaction  mixture 
was  stirred  at  room  temperature  for  18h. 

The  reaction  mixture  was  washed  with  dilute  hydrochloric  acid  (2M) 
as  described  above  The  oil  obtained  upon  evaporation  of  the 
dichloromethane  also  was  examined  by  TLC,  gradient  HPLC  and  by 
LC-MS. 

3.2.12.  Reaction  of  artelinic  acid  with  iron(II)  and 

8-hydroxy-5-nitroquinoline  (NHQ)  in  pure 
dichloromethane 

The  procedure  described  in  section  3.2.8  was  repeated,  but  using  30 
ml  of  dichloromethane  as  solvent. 
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3.2.13.  Reaction  of  artelinic  acid  with  iron(II)  and 

8-hydroxy-5-nitroquinoline  (NHQ)  in  pure  benzene 

The  procedure  described  in  section  3.2.8  was  repeated,  but  using  25 
ml  of  pure  benzene  as  solvent. 

3.2.14.  Reaction  of  artelinic  acid  with  iron(II)  and 

8-hydroxy-5-nitroquinoline  (NHQ)  in  pure  ethanol 

The  procedure  described  in  section  3.2.8  was  repeated,  but  using  25 
ml  of  absolute  n  ethanol  as  solvent. 

3.2.15.  Reaction  of  artelinic  acid  with  iron(n)  and 

8-hydroxy-5-nitroquinoline  (NHQ)  in  a  mixture 
of  pyridine  and  ethanol 

8-Hydroxy-5-nitroquinoline  (57mg;  0.3mmol)  was  placed  in  a  250ml 
round-bottom  flask  and  mixed  with  3ml  of  absolute  ethanol  and 
30mg  (3mmoi)  of  iron(II)  chloride  (FeCl2.4H20)  .  The  dark  green 
mixture  was  stirred  with  a  magnetic  stirrer  at  room  temperature  for 
Ih.  Pyridine  (7ml)  was  added  to  the  mixture,  followed  by  25mg 
(O.Obmmol)  of  artelinic  acid.  The  mixture  was  stirred  at  room 

temperature  for  14h. 

The  solvent  was  evaporated  with  a  stream  of  nitrogen.  The  dark 
residue  was  redissolved  in  about  50ml  of  dichloromethane  and  the 
dichloromethane  solution  washed  with  45ml  of  dilute  hydrochloric 
acid  (2M)  by  stirring  with  the  magnetic  stirrer  for  about  5min.  The 
aqueous  layer  was  removed  with  a  Pasteur  pipet.  The  acid  washing 
was  repeated  until  the  dark  dichloromethane  solution  turned  pale 
yellow,  signifying  the  destruction  of  the  iron(II)  complex  of  NHQ. 

The  dichloromethane  solution  was  dried  over  anhydrous  sodium 
sulfate  and  solvent  evaporated  with  a  stream  of  nitrogen.  An  oil  was 
obtained,  which  was  examined  by  TLC,  gradient  HPLC  and  by  LC-MS 
The  procedure  was  repeated  using  solvents  consisting  of  other- 
different  proportions  of  methanol  and  pyridine. 

3.2.16.  Reaction  of  artelinic  acid  with  iron(II)  and 

8-hydroxy-5-nitroquinoline  (NHQ)  in  a  mixture 
of  pyridine  and  methanol 

The  preceeding  experiment  was  repeated,  but  using  methanol  in 
place  of  methanol.  The  reaction  was  also  perfoj-med  in  solvents 
consisting  of  other  different  proportions  of  methanol  and  pyridine. 
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3.2.17.  Reaction  of  artelinic  acid  with  iron(II)  and 

8-hydroxyquinoline  (HQ)  in  a  mixture  of  pyridine 
and  ethanol 

8-Hydroxyquinoline  (44  mg;  0.3  mmol)  was  dissolved  in  22.5  ml  of 
absolute  ethanol,  in  a  250  ml  round-bottom  flask,  iron(II)  chloride 
was  aded,  and  the  mixture  stirred  at  room  temperature  for  30  min. 
Pyridine  (2.5)  ml  was  added,  followed  by  25  mg  of  artelinic  acid,  and 
the  mixture  stirred  for  22h.  The  solvent  was  evaporated  with  a 
stream  of  nitrogen.  The  dark  residue  was  reconstituted  in  20  ml  of 

ethyl  acetate,  and  the  solution  stirred  vigorously  with  about  30  ml  of 

dilute  hydrochloric  acid  on  a  magnetic  stirrer  for  5  min.  The  mixture 
was  transferred  to  a  50  ml  test  tube,  and  centrifuged  at  3000rpm  for 
15  min.  The  ethyl  acetate  layer  was  removed  and  washed  again  with 
20  ml  dilute  hydrochloric  acid  by  shaking  on  a  vortex  mixer  for  3 

mix.  The  water-white  ethyl  acetate  solution  was  dried  over 

anhydrous  sodium  sulfate  and  evaporated  with  a  stream  of  nitrogen. 
The  clear  oil  obtained,  was  analysed  by  gradient  HPLC. 

3.2.18.  Reaction  of  artelinic  acid  with  iron(II)  and 

5-chloro-8-hydroxyquinoline  (CHQ)  in  a  mixture 
of  pyridine  and  methanol 

5-Chloro-8-hydroxyquinoline  (66mg;  0.3mmol)  was  placed  in  a 
250ml  round-bottom  flask  and  rnixed  with  3ml  of  absolute  methanol 
and  30mg  (3mmol)  of  iron(II)  chloride  (FeCl2.4H20)  .  The  dark  blu- 
black  mixture  was  stirred  with  a  magnetic  stirrer  at  room 
temperature  for  Ih.  Pyridine  (7ml)  was  added  to  the  mixture, 

followed  by  25mg  (O.Obmmol)  of  artelinic  acid.  The  mixture  was 
stirred  at  room  temperature  for  20h. 

The  solvent  was  evaporated  with  a  stream  of  nitrogen.  The  dark 
residue  was  reconstituted  in  30ml  of  ethyl  acetate  and  the  mixture 
was  stirred  vigorously  with  30ml  of  dilute  hydrochloric  acid  (2M) 
for  about  5min.  The  mixture  was  centrifuged  (3500rpm  for  15min) 
and  the  ethyl  acetate  layer'  rernoved.  The  ethyl  acetate  extract  was 
washed  with  another  portion  of  dilute  hydrochloric  acid,  upon  which 
it  turned  water-white.  The  ethyl  acetate  extract  was  dried  over 

anhydrous  sodium  sulfate  and  then  evaporated  with  a  stream  of 
nitrogen.  The  resulting  residue  was  examined  by  gradient  HPLC. 

3.2.19.  Reaction  of  artelinic  acid  with  iron(II)  and 

5,  7-dichloro-2-methyl-8-qiiinolinol  (DCMHQ) 
in  a  mixture  of  pyridine  and  methanol 

5,  7-Dichloro-2-methyl-8-quinolinol  (137mg;  O.bmmol)  was 
placed  in  a  250ml  round-bottom  flask  and  mixed  with  3ml  of 
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absolute  methanol  and  30mg  (3mmol)  of  ii-on(II)  chloride 
(FeCl2-4H20)  .  The  dark  blue  mixture  was  stirred  with  a  magnetic 
slirrer  at  room  temperature  for  Ih.  Pyridine  (Tral)  was  added  to  the 
mixture,  followed  by  50mg  (0.12mmol)  of  artelinic  acid.  The  mixture 
was  stirred  at  room  temperature  for  3h. 

The  solvent  was  evaporated  with  a  stream  of  nitrogen.  The  dark 
residue  was  reconstituted  in  30ml  of  ethyl  acetate  and  the  mixture 
washed  repeatedly  with  dilute  hydrochloric  acid,  as  described 
above,  until  the  ethyl  acetate  layer  became  light  yellow  in  color. 
After  drying  the  ethyl  acetate  extract  over  anhydrous  sodium  sulfate 
and  then  evaporating  the  solvent  with  a  stream  of  nitrogen,  a  yellow 
residue  obtained  and  was  examined  by  gradient  HPLC. 

3.2.20.  Reaction  of  artelinic  acid  with  iron(II)  and 

5,  7-dibromo-2-methyl-8-quinolinol  (DliMHQ) 
in  a  mixture  of  pyridine  and  methanol 

The  preceding  experiment  was  repeated,  except  that  196mg 
(O.bmmol)  of  5,  7-dibromo-2-m6thyl-8-quinolinol  was  used  in  place 

3.2.21.  Reaction  of  artelinic  acid  with  iron(II)  and 

8-hydroxyquinoline-5-sulfonic  acid  (SHQ)  in 
a  mixture  of  pyridine  and  methanol 

8-Hydroxyquinoline-5-sulfonic  acid  (SHQ)  (135mg;  O.bmmol)  was 
placed  in  a  250ml  round-bottom  flask  and  mixed  with  3ml  of 
absolute  methanol  and  60mg  (6mmol)  of  iron(n)  chloride 
(FeCl2-4H20).  The  leaf-green  mixture  was  stirred  with  a  magnetic 
stirrer  at  room  temperature  for  Ih.  Pyridine  (7ml)  was  added  to  the 
mixture,  upon  which  it  turned  dark  blue.  Addition  of  pyridine  was 
immediately  followed  by  the  addition  of  50mg  (0.12mmol)  of 
artelinic  acid.  The  mixture  was  ‘stirred  at  room  temperature  for  3h. 
The  solvent  was  evaporated  with  a  stream  of  nitrogen.  The  dark 
residue  was  redissolved  in  about  35ml  of  dichloromethane  and  the 
dichloromethane  solution  washed  with  about  50ml  of  dilute 
hydrochloric  acid  (2M)  by  stirring  with  the  magnetic  stirrer  for  about 
5 min.  A  clear  dichloromethane  layer  was  obtained 
The  dichloromethane  solution  was  dried  over  anhydrous  sodium 
sulfate  and  solvent  evaporated  with  a  stream  of  nitrogen.  A  clear  oily 
was  obtained,  which  was  examined  by  TLC,  gradient  HPLC  and  by 
LC-MS 
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3.2.22.  Reaction  of  artelinic  acid  with  iron(II)  and 

8-hydroxyquinoline-5-sulfonic  (SHQ)  in  a 
mixture  of  pyridine  and  ethanol 

The  preceeding  experiment  was  repeated,  but  using  absolute 
ethanol  in  place  of  methanol. 

3.2.23.  Semi-preparative  reaction  of  artelinic  acid  with 

iron(II)  and  8-hydroxyquinoline-5-sulfonic  acid 
(SHQ)  in  a  mixture  of  pyridine  and  methanol 

8-Hydroxyquinoline-5-sulfonic  acid  (SHQ)  (1350mg;  6mmol)  was 
placed  in  a  250ml  round-bottom  flask  and  mixed  with  lOnil  of 
absolute  methanol  and  600mg  (6mmol)  of  iron(II)  chloride 
(FeCl2-4H20).  The  mixture  was  stirred  with  a  magnetic  stirrer  at 
room  temperature  for  Ih.  Pyridine  (24ml)  was  added  to  the  mixture, 
immediately  followed  by  the  addition  of  500mg  (1.2mmol)  of 

artelinic  acid.  The  mixture,  was  stirred  at  room  temperature  for  4h. 
The  mixture  was  divided  into  5  portions  in  plastic  50-ml  test  tubes 
and  the  solvent  was  evaporated  with  a  stream  of  nitrogen.  The  dark 
residue  from  each  portion  was  .  redissolved  in  about  30ml  of  ethyl 
acetate  and  the  ethyl  acetate  solution  repeatedly  washed  with 
dilute  hydrochloric  acid  (2M)  by  shaking  on  a  vortex  mixer  for  2 
mins.  The  clear  ethyl  acetate  extracts  were  pooled  and  dried  over 
anhydrous  sodium  sulfate.  The  solvent  was  evaporated  with  a 
stream  of  nitrogen  to  give  an  off-white  solid. 

For  preparative  TLC,  the  solid  was  redissolved  in 
dichloromethane  and  applied  to  5  tappered-layer  silica  gel  plates. 
The  plates  were  developed  in  a  mixture  of 
hexane/acetone/acetonitrile  :  (72/25/5,  v/v/v).  Four  bands  were 

obtained.  To  recover  the  material  in  the  bands,  the  silica  gel  was 
scraped  into  test  tubes  and  extracted  with  an  ethyl  acetate/methanol 
(80/20)  mixture  by  shaking  on  a  vortex  mixer  for  2min.  The 
mixture  was  centrifuged  (3500  rpm  for  15min)  and  separated 
solvent  evaporated  with  a  stream  of  nitrogen.  The  fastest-moving 
narrow  band  (rf  =  0.56)  contained  unreacted  artelinic  acid.  This  is 
followed  by  the  largest  band  in  the  chromatogram  (rf  =  0.47),  which 
was  shown  to  contain  rearranged  artelinic  acid.  The  third  band  (rf  = 
0.34)  was  shown  to  contain  3-hydroxydeoxyartelinic  acid.  The  fourth 
band  (band  4)  had  a  rf  of  0.25.  The  solid  obtained  from  slowest 
moving  band  (band  4)  was  shown  by  LC-MS  to  be  a  mixture  of  a 
monohydroxylated-  and  a  dihyroxylated  artelinic  acid  derivative. 
This  material  was,  therefore,  further  chromatographed  by  gradient 
HPLC  to  separate  this  two  compounds. 
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Alternatively,  TLC  of  the  crude  reaction  product  was  done  on 
silica  gel  using  a  mixture  of  benzene/methanol/acetic  acid  (95/5/5, 
v/v/v)  as  mobile  phase.  A  chromatogram  consisting  of  6  bands  was 
obtained.  The  fastest-moving  and  also  the  largest  band  (bandl)  was 
shown  to  contain  rearranged  artelinic  acid.  The  second  band  was 
narrow  and  probably  contained  material  derived  from  the  reagent. 
The  third  band  was  shown  to  contain  hydroxydeoxyartelinic  acid, 
while  the  4th  and  5th  bands  contained  monohydroxylated-  and 
dihydroxylated  artelinic .  acid  derivatives  respectively.  The  slowest- 
moving  6th  band  is  made  up  of  poorly  resolved  colored  bands 
containing  reagent-derived  material.  The  compounds  contained  in 
bands  1,  3,  4  and  5  were  extracted  from  the  silica  gel  as  described 
above,  using  ethyl  acetate/methanol  (80/20)  mixture.  After 
evaporating  the  solvent  with  a  stream  of  nitrogen,  the  residues  were 
recrystallized  from  a  mixture  of  diethyl  ether  and  hexane. 

3.2.24.  Semi-preparative  reaction  of  artelinic  acid  with 

iron(II)  and  8-hydroxy-5-nitroqiiinoline  (NHQ) 
in  a  mixture  of  pyridine  and  methanol 

8-Hydroxy-5-nitroquinoline  (570mg;  3mmol)  was  placed  in  a  250ml 
round-bottom  flask  and  mixed  with  3ml  of  absolute  methanol  and 
300mg  (3mmol)  of  iron(II)  chloride  (FeCl2 -41120)  .  The  dark  green 
mixture  was  stirred  with  a  magnetic  stirrer  at  room  temperature  for 
Ih.  Pyridine  (7ml)  was  added  to  the  mixture,  followed  by  250mg 
(0.6mmol)  of  artelinic  acid.  The  mixture  was  stirred  at  room 
temperature  for  14h. 

The  solvent  was  evaporated  with  a  stream  of  nitrogen.  The  dark 
residue  was  redissolved  in  about  50ml  of  dichloromethane  and  the 
dichloromethane  solution  washed  with  45ml  of  dilute  hydrochloric 
acid  (2M)  by  stirring  with  the  magnetic  stirrer  for  about  5min.  The 
aqueous  layer  was  removed  with  a  Pasteur  pipet.  The  acid  washing 
was  repeated  until  the  dark  dichloromethane  solution  turned  pale 
yellow,  signifying  the  destruction  of  the  iron(II)  complex  of  NHQ. 

The  dichloromethane  solution  was  dried  over  anhydrous,  sodium 
sulfate  and  solvent  evaporated  with  a  stream  of  nitrogen  to  obtain  a 
yellow  oily  residue.  Preparative  TLC  and  HPLC  were  carried  out  as 
described  in  the  preceeding  ■  experiment. 

3.2.25.  Semi-preparative  reaction  of  artelinic  acid  with 

iron(II)  and  8-hydroxyqiiinoline-5-sulfonic  acid 
(SHQ)  in  dichloromethane,  in  presence  of  imidazole 

8-Hydroxyquinoline-5-sulfonic  acid  (675mg;  3mmol)  was  placed  in  a 
250ml  round-bottom  flask  and  stirred  with  50ml  of  dichloromethane 
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for  15min.  SHQ  was  found  to  be  insoluble  in  dichloromethane  and  on 
addition  of  300mg  (30mrabl)  of  iron(II)  chloride  (FeCl2.4H20)  no 
apparent  reaction  was  observed  after  stirring  the  mixture  for  Ih  at 
room  temperature.  On  adding  methanol  (10  ml)  and  imidazole 
(410mg;  6mmol)  a  dark  blue  mixture  was  formed.  Artelinic  acid 

(250mg;  O.bmmol)  was  then  added,  and  the  reaction  mixture  was 

stirred  at  room  temperature  for  5h.  The  solvent  was  evaporated 

with  a  stream  of  nitrogen,  because  it  was  necessary  to  remove  the 
methanol.  The  residue  was  then  reconstituted  in  dichloromethane. 
Dilute  hydrochloric  acid  (100ml)  was  added,  and  the  mixture  stirred 
on  the  magnetic  stirrer  for  about  lOmin.  The  mixture  was 
transferred  to  a  separating  funnel  and  the  aqueous  layer  remove. 
The  dichloromethane  layer  was  returned  to  the  round-bottom  flask 
and  stirred  with  a  fresh  portion  of  dilute  hydrochloric  acid.  The  acid 
washing  procedure  was  repeated  until  the  dicholorimethane  layer 
turned  to  a  light  yellow  color.  The  dichloromethane  solution  was 
then  dried  over  anhydrous  sodium  sulfate,  and  the  solvent 
evaporated  with  a  stream  of  nitrogen.  A  clear  oil  was  obtained. 

Preparative  thin  layer  chromatography  of  the  oil  was  carried 
out  on  tappered  silica  gel  plates  with  a  hexane:acetone:acetonitrile 
(75/25/5,  v/v/v)  mixture  as  solvent.  The  three  separated  bands 
were  scraped  into  test  tubes  and  the  silica  gel  extracted  with  an 

ethyl  acetatemiethanol  (80/20,v/v)  mixture  by  shaking  on  a  vortex 
mixer  for  2  to  3min.  After  centrifuging,  the  solvent  was  removed 
and  evaporated  with  stream  of  nitrogen.  The  residues  obtained 
were  recrystallized  from  a  ihixture  of  ether  and  hexane. 

In  this  reaction,  no  dihydroxylated  artelinic  acid  is  formed. 
Thus  after  TLC  of  the  crude  product  the  material  extracted  from  the 
fastest  moving  band  (rf  =  0.41)  was  shown  to  be  pure  rearranged 
artelinic  acid,  while  the  second  band  (rf  =  0.28)  contained 

hydroxydeoxyartelinic  acid,  and  the  slowest  moving  band  (rf  =  0.19) 
contained  the  monohydroxylated  artelinic  acid  derivative 

3.2.26.  Semi-preparative  reaction  of  artelinic  acid  with 
iron(II)  and  8-hydroxy-5-nitroquinoline  (NHQ)  in 
dichloromethane,  in  presence  of  imidazole 

8-Hydroxy-5-nitroquinoline  (570mg;  3mmol)  was  placed  in  a  250ml 
round-bottom  flask  and  stirred  with  50ml  of  dichloromethane  for 
15min.,  followed  by  the  addition  of  300mg  (30mmol)  of  iron(II) 
chloride  (FeCl2 -41120)  .  The  dark  green  mixture  was  stirred  at  room 
temperature  for  Ih,  and  imidazole  (410mg;  6mmol)  was  then  added, 
followed,  after  a  futher  15min  of  stirring,  by  the  addition  of  250mg 
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(0.6mmol)  of  artelinic  acid.  The  reaction  mixture  was  stirred  at  room 
temperature  for  3h. 

Dilute  hydrochloric  acid  (100ml)  was  added,  and  the  mixture  stirred 
on  the  magnetic  stirrer  for  about  lOmin.  The  mixture  was 
transferred  to  a  separating  funnel  and  the  aqueous  layer  remove. 
The  dichloromethane  layer  was  returned  to  the  round-bottom  flask 
and  stirred  with  a  fresh  portion  of  dilute  hydrochloric  acid.  The  acid 
washing  procedure  was  repeated  until  the  dicholorimethane  layer 
turned  to  a  light  yellow  color.  The  dichloromethane  solution  was 
then  dried  over  anhydrous  sodium  sulfate,  and  the  solvent 
evaporated  with  a  stream  of  nitrogen.  An  orange-colored  oil  was 
obtained.  Preparative  thin  layer  chromatography  of  the  oil  was 
carried  out  on  tappered  silica  gel  plates  with  a 
hexane;acetone;acetonitrile  (75/25/5,  v/v/v)  mixture  as  solvent. 
The  three  separated  bands  were  scraped  into  test  tubes  and  the  silica 
gel  extracted  with  an  ethyl  acetate:methanol  (80/20, v/v)  mixture  by 
shaking  on  a  vortex  mixer  for  2  to  3rain.  After  centrifuging,  the 
solvent  was  removed  and  evaporated  with  stream  of  nitrogen.  The 
first  two  bands  contained  rearranged  artelinic  acid  and 
hydroxydeoxyartelinic  acid  respectively,  with  rearranged  artelinic 
acid  being  the  faster  moving  compound.  The  material  recovered 
from  the  slowest  moving  band  (third  band)  was  repeatedly 
rechromatographed  on  150  p  silica  gel  plates  to  remove  a  yellow 
pi  ament  that  was  present  in  the  material.  The  purified  material 
exhibited  a  mass  spectrum  which  suggests  it  is  a  hydroxylated 
artelinic  acid  derivative. 

3.2.27.  Reaction  of  artelinic  acid  with  manganese(II)-8- 
hydroxyquinoline  complex 

3.2.27.1.  Preparation  of  manganese(II)-8-hydroxyquinoline 
complex 

Tn  a  250ml  round-bottom  flask,  8-hydroxyquinoline  (3g;  0.021mol) 
was  dissolved,  with  warming,  in  80ml  of  absolute  ethanol.  To  the 
warm  solution  was  added  4.5g  (0.023mol)  of  manganese  chloride 
(MnCl2.4H20).  A  golden-yellow  solution  forms  immediately,  from 
which  a  a  yellow  precipitate  soon  appeal's.  The  mixture  was  stirred 
at  room  temperature  for  24  h.  The  mixture  was  filtered  by  suction, 
and  the  filtrate  evaporated  to  give  a  dark-yellow  solid  which  mixed 
with  acetone  and  then  filtered  to  give  a  yellow  powder. 
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ly. 1.11.1.  Reaction  of  artelinic  acid  with  manganese(II)- 
8-hydroxyquinoline  complex  in  a  mixture  of 
acetone  and  mercaptoethanol 

Artelinic  acid  (50mg;  0.12mmol)  was  in  3ml  of  acetone  in  a  100ml 
round-bottom  flask,  The  manganese-8-hydroxyqiiinoline  complex 
(50mg)  was  added,  followed  by  2ml  of  mercaptoethanol.  The 
mixture  was  stirred  at  room  temperature  for  14h.  The  solvent  was 
evaporated  with  a  stream  of  nitrogen,  the  residue  reconstituted  in 
30ml  of  ethyl  acetate,  and  the  ethyl  acetate  solution  washed  thrice 
with  15ml  of  dilute  hydrochloric  acid.  The  ethyl  acetate  solution  was 
dried  over  anhydrous  sodium  sulfate  and  the  evaporated  with  a 
stream  of  nitrogen.  The  oily  residue  obtained  was  analysed  by 
gradient  HPLC. 

3.2.27.3.  Reaction  of  artelinic  acid  with  manganese(n)- 
8-hydroxyquinoline  complex  in  pure  pyridine 

Artelinic  acid  (25mg;  O.Obmmol)  and  50mg  of  the  manganese-8 
hydroxyquinoline  complex  were  dissolved  in  3ml  of  pyridine,  and 
the  mixture  stirred  at  room  temperature  for  18h.  The  solvent  was 
evaporated  and  the  residue  reconstituted  in  ethyl  acetate,  and  the 
ethyl  acetate  treated  as  described  in  the  preceeding  section.  The  oily 
residue  obtained  was  analysed  also  by  gradient  HPLC. 


3.3.  RESULTS 

3.3.1.  Investigation  of  the  optimum  conditions  for  the 

formation  of  hydroxylated  artelinic  acid  derivatives 
by  the  reaction  of  artelinic  acid  with  iron(II)  and 
8-hydroxy  quinolines 

In  Section  I  of  this  report  it  was  pointed  out  that  a  compound 
whose  mass  spectrum  suggested  to  be  a  hydroxylated  artelinie  acid 
derivative,  was  one  of  the  products  of  the  reaction  of  artelinic  acid 
with  the  iron(II)-8-hydroxyquinoline  complex.  The  aim  of  Section 
11  of  this  work  was  to  determine  the  optimum  reaction  conditions 
for  the  formation  of  the  hydroxylated  artelinic  acid  derivative,  so 
that  enough  of  the  compound  could  be  isolated  to  permit  its 
characterization,  and  thereby  establishing  a  simple  reaction  for  the 
biominietic  hydroxylation  of  artelinic  acid. 

The  results  of  the  reaction  of  artelinic  acid  with  the  iron(lT) 
complexes  of  8-hydroxyquinoline  and  its  substituted  analogs,  in 
different  solvents,  are  summarized  in  Table  2. 
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The  chromatogram  obtained  following  gradient  HPLC  of  the 
products  of  the  reaction  of  artelinic  acid  with  the  complex  of  iron(II) 
and  8-hydroxyquinoline  in  aqueous  acetone  is  shown  in  Figure  22. 
The  peaks  labeled  R-ARTL  and  OH-deoxyARTL  are  due  to  rearranged 
artelinic  acid  and  hydroxydeoxyartelinic  acid  respectively.  The 
characterization  of  these  two  compounds  have  been  fully  described 
in  Section  I  of  this  report.  The  peak  labeled  OH-R-ARTL  is  due  to  a 
possible  hydroxylated  artelinic  acid  derivative.  In  these 
investigations  the  aim  was  to  increase  the  yield  of  the  hydroxylated 
artelinic  acid  derivative  relative  to  the  yield  of  R-ARTL  and  OH- 
deoxyARTL.  In  other  words,  reaction  conditions  were  being  sought 
which  would  allow  the  biomimetic  hydroxylation  of  artelinic  acid  by 
the  iron(II)  complexes  to  predominate  over  the  isomerization 
pathway  that  leads  to  R-ARTL  and  OH-deoxyARTL.  The  relative 
yield  of  the  hydroxylated  artelinic  acid  derivative  under  the 
different  reaction  conditions  was  judged  by  comparison  of  the  OH-R- 
ARTL  peak  to  the  OH-deoxyARTL  peak. 

The  relatively  small  size  of  the  OH-R-ARTL  peak  in  figure  21  shows 
that  the  yield  of  the  hydroxylated  artelinic  acid  derivative  was  small 
when  artelinic  acid  was  reacted  with  iron(II)  chloride  and  8- 
hydroxyquinoline  in  a  medium  of  aqueous  acetone. 

The  .  first  change  in  the  reaction  condition  that  was  examined 
was  to  use  iron(II)  sulfate  in  place  of  iron(II)  chloride.  A  HPLC 
chromatogram  of  the  reaction  products  is  shown  in  Figure  23,  which 
shows  a  dramatic  difference  from  the  result  shown  in  Figure  22. 
Figure  23  shows  that  rearranged  artelinic  acid  was  the  sole  product 
when  artelinic  acid  was  reacted  with  ironfll)  sulfate  and  8- 
hydroxyquinoline.  (The  other  small  peaks  in  the  chromatogram  are 
reagent  related.) 

The  dramatic  difference  in  the  results  obtained  when  iron(II) 
chloride  or  iron(II)  sulfate  was  used  suggested  that  secondary 
ligands  would  have  a  significant  effect  on  the  course  of  the  reaction 
of  artelinic  acid  with  the  complex  of  iron(II)  and  8-hydroxyquinoline. 
The  reaction  was,  therefore  earried  out  in  ,  presence  of 
mercaptoethanol  or  pyridine,  two  solvents  that  could  conceivably 
coordinate  with  the  iron(II)-hydroxyquinoline  complex.  A  HPLC 
chromatogram  of  the  products  of  the  reaction  of  artelinic  acid  with 
iron(II)  chloride  and  8-hydroxyquinoline  in  a  mixture  of 
mercaptoethanol  and  acetone  is  shown  in  Figure  24.  This  shows  the 
absence  of  the  peak  for  the  hydroxylated  artelinic  acid  derivative 
OH-R-ARTL.  Figure  23  also  shows  there  is  no  unchanged  artelinic 
acid  and  that  rearranged  artelinic  acid  is  the  predominant  product. 
A  HPLC  chromatogram  of  the  products  of  the  reaction  of  artelinic  acid 
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with  iron(II)  chloride  and  8-hydroxyquinoline  in  a  mixture  of 
acetone  and  pyridine  is  shown  in  Figure  25.  Although  this 
chromatogram  suggest  the  presence  of  a  trace  of  OH-R-ARTL,  most  of 
the  artelinic  acid  (ARTL)  remained  unchanged  when  the  reaction  was 
carried  out  in  presence  of  pyridine. 

The  above  results  suggested  that  improvement  in  the  yield  of 
the  hydroxylated  artelinic  acid  derivative,  OH-R-ARTL,  would  not  be 
achieved  by  changing  the  reaction  solvent  alone.  It  was  decided, 
therefore,  to  investigate  the  effect  of  using  8-hydroxyquinolines 
substituted  with  electronegative  groups  in  place  of  8- 
hydroxyquinoline  itself.  The  rationale  for  this  investigation  has 
been  discussed  in  the  introduction  to  Section  IT.  The  structures  of 
the  substituted  8-hydroxyquinolines  investigated  are  shown  in 
Figure  26 

The  first  substituted  8-hydroxyquinoline  to  be  investigated 
was  8-hydroxy-5-nitroquinoline  (NHQ).  A  HPLC  chromatogram  of 
the  products  of  the  reaction  of  artelinic  acid  with  NHQ  in  a  mixture  of 
acetone  and  mercaptoethanol  is  shown  in  Figure  27.  This 
chromatogram  is  similar  to  that  of  Figure  24  and  shows  the  absence 
of  the  peak  for  OH-R-ARTL. 

A  HPLC  chromatogram  of  the  products  of  the  reaction  of 
artelinic  acid  with  NHQ  in  a  mixture  of  acetone  and  pyridine  is  shown 
in  Figure  2-8.  A  comparison  of  the  chromatogram  in  Figure  28  with 
that  in  Figure  25  shows  a  remarkable  increase  in  the  relative  yield  of 
the  OH-R-ARTL  derivative  when  8-hydroxy-5-nitroquinoline  was 
used  in  place  of  8-hydroxyquinoline  in  a  reaction  medium  containing 
pyridine.  A  comparison  of  the  chromatogram  of  Figure  28  with  that 
of  Figure  25  also  shows  that  8-hydroxy-5-nitroquinoline  is  more 
reactive  in  this  reaction  than  the  unsubstituted  8-hydroxyquinoline 
since  there  is  relatively  less  of  the  unchanged  artelinic  acid  when  8- 
hydroxy-5-nitroquinoline  was  used  in  place  of  8-hydroxyquinoline. 
A  comparison  of  Figures  27  and  28  again  suggests  that  the  presence 
of  mercaptoethanol  inhibits  the  formation  of  the  hydroxylated 
artelinic  acid  derivative,  OH-R-ARTL,  (and  promotes  the 
isomerization  of  artelinic  acid  to  R-ARTL  and  OH-deoxyARTL)  while 
the  presence  of  pyridine  enhances  the  formation  of  OH-R-ARTL. 

To  confirm  the  beneficial  effect  of  pyridine  in  promoting  the 
formation  of  the  hydroxylated  artelinic  acid  derivative  (OH-R-ARTL) 
the  reaction  of  iron(II)  chloride  and  NHQ  with  artelinic  acid  was 
carried  out  in  pure  acetone.  A  chromatogram  of  the  reaction 
products  is  shown  in  Figure  29.  This  shows  the  absence  of  the  peak 
due  to  OH-R-ARTL  as  well  as  the  fact  that  rearranged  artelinic  acid 
(R-ARTL)  is  the  only  substantial  product,  although  most  of  the 
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artelinic  acid  remained  unreacted.  In  contrast,  as  illustrated  in  the 
chromatogram  in  Figure  30,  when  the  reaction  was  carried  out  in 
pure  pyridine,  artelinic  acid  was  completely  transformed  to  the 
hydroxylated  derivative  (OH-R-ARTL)  and  the  isomerization  products 
(R-ARTL  and  OH-deoxyARTL). 

To  determine  whether  the  ability  of  pyridine  to  promote  the 
reaction  of  artelinic  acid  with  the  iron(II)-NHQ  complex  is  related  to 
its  ability  to  act  as  a  secondary  ligand  to  the  complex,  the  reaction  of 
artelinic  acid  with  iron  (II)  and  NHQ  was  carried  out  in 
dichloromethane  in  presence  of  imidazole.  It  is  expected  that 
imidazole  could  coordinate  with  the  iron(II)-NHQ  complex,  through 
the  nitrogen  atom,  the  same  way  pyridine  could.  A  chromatogram  of 
the  reaction  products  obtained  when  artelinic  acid  was  reacted  with 
iron(II)  chloride  and  NHQ  in  dichloromethane  and  in  the  presence  of 
imidazole  is  shown  in  Figure  31.  This  chromatogram  is  virtually 
identical  to  the  chromatogram  in  Figure  30,  showing  that  imidazole 
influences  the  reaction  in  the  same  way  as  pyridine.  The  effect  of 
■  imidazole  on  the  reaction  was  further  confirmed  by  reacting  artelinic 
acid  with  iron(II)  chloride  and  NHQ  in  pure  dichloromethane.  A 
chromatogram  of  the  reaction  product  is  illustrated  in  Figure  32 
which  shows  that  rearranged  artelinic  acid  (R-ARTL)  is  virtually  the 
sole  product,  with  no  OH-R-ARTL  being  formed. 

Comparison  of  the  result  when  the  reaction  was  carried  out  in 
pure  dichloromethane  (Figure  32)  to  the  result  when  the  reaction 
was  carried  out  in  pure  acetone  (Figure  29)  suggests  that  the 
iron(H)-NHQ  complex  is  less  reactive  in  acetone,  thereby  leaving 
much  of  the  artelinic  acid  unchanged.  In  contrast,  there  was  no 
unchanged  artelinic  acid  when  the  reaction  was  carried  out  in  pure 
dichloromethane.  In  contrast  with  the  results  obtained  when  the 
reaction  was  carried  out  in  pure  dichloromethane,  when  the  reaction 
was  carried  out  in  solvent  mixtures  containing  different  proportions 
of  pyridine  and  dichloromethane,  the  chromatograms  obtained  were 
identical  to  that  obtained  when  the  reaction  was  carried  out  in  pure 
pyridine  (Figure  30.)  This,  again,  confirms  the  role  of  pyridine  in 
promoting  the  formation  of  the  hydroxylated  artelinic  acid 
derivative,  OH-R-ARTL.  A  solvent  composition  of  1%  pyri  dine/93  % 
dichloromethane  was  found  to  be  optimum  for  the  formation  of 
OH-R-ARTL. 

Since  both  acetone  and  dichloromethane  may  be  considered  as 
non-coordinating  solvents,  the  difference  in  the  reactivity  of  the 
iron(II)-NHQ  complex  in  acetone  and  dichloromethane  was  thought  to 
be  related  to  differences  in  the  polarity  of  the  two  solvents.  The 
effect  of  solvent  polarity  on  the  extent  and  course  of  the  reaction  of 
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artelinic  acid  with  the  iron(II)-NHQ  complex  was,  therefore, 
investigated.  The  reaction  was  carried  out  in  pure  benzene,  a  non¬ 
polar  and  non-coordinating  solvent.  A  chromatogram  of  the  reaction 
product  is  illustrated  in  Figure  33  which  shows  that  artelinic  acid 
was  completely  converted  to  the  isomerization  products  (R-ARTL  and 
OH-deoxyARTL)  and  the  hydroxylated  artelinic  acid  derivative  (OH- 
R-ARTL)  was  not  formed.  When  the  reaction  was  carried  out  in  a 
mixture  of  30%  pyridine/70%  benzene,  a  chromatogram  identical  to 
that  in  Figure  33  was  obtained  thus  suggesting  that  the  action  of 
pyridine  in  promoting  the  formation  of  OH-R-ARTL  was  suppressed 
by  the  opposing  effect  of  the  relatively  low  polarity  of  the  medium. 

To  further  investigate  the  effect  of  the  polarity  of  the  medium 
on  the  extent  and  course  of  the  reaction  of  artelinic  acid  with  the 
iron(II)-NHQ  complex,  the  reaction  was  carried  out  in  absolute 
ethanol.  A  chromatogram  of  the  reaction  products  is  shown  in  Figure 
34.  This  shows  that  some  of  the  artelinic  acid  was  converted  to  the 
isomerization  products  (R-ARTL  and  OH-deoxyARTL)  and  the 
hydroxylated  artelinic  acid  derivative  (OH-R-ARTL)  was  not  formed. 

The  reaction  of  artelinic  acid  with  the  iron(II)-NHQ  complex 
was  then  carried  out  in  a  mixture  of  ethanol  and  pyridine.  A 
chromatogram  of  the  reaction  products  is  illustrated  in  Figure  35. 
This  shows  that  both  the  isomerization  products  (R-ARTL  and  OH- 
deoxyARTL)  and  the  hydroxylated  artelinic  acid  derivative  (OH-R- 
ARTL)  were  formed.  In  addition,  a  new  major  product  was  formed 
whose  mass  spectrum  showed  to  be  a  dihydroxyartelinic  acid 
derivative  (di-OH-ARTL).  The  reaction  of  artelinic  acid  with  the 
iron(H)-NHQ  was  then  studied  in  solvents  containing  different 
proportions  of  pyridine  and  ethanol.  A  solvent  composition  of  70% 
pyridine/30%  ethanol  was  fohnd  to  be  optimun  for  the  formation  of 
the  hydroxylated  artelinic  acid  derivatives  (OH-R-ARTL  and  di-OH- 
ARTL.).  As  described  above,  semi-preparative  reaction  of  artelinic 
acid  was  later  carried  out  in  this  solvent  mixture  for  the  purpose  of 
isolation  and  characterization  of  the  hydroxylated  artelinic  acid 
derivatives.  Methanol  behaved  similarly  as  ethanol. 

Having  previously  established,  as  described  above,  that  a 
substituted  8-hydroxyquinoline,  such  as  NHQ,  was  more  effective  in 
this  reaction  than  8-hydroxyquinoline  itself,  the  reactivity  of  the 
iron(H)  complex  of  other  substituted  8-hydroxquinolines  other  than 
NHQ  was  investigated.  First,  the  reactivity  of  the  iron(H)-8- 
hydroxyquinoline  complex  in  a  mixture  of  pyridine  and  ethanol  was 
studied  by  reacting  artelinic  acid  with  iron(H)  chloride  and  8- 
hydroxyquinoline  in  a  mixture  of  pyridine  and  ethanol.  A 

chromatogram  of  the  reaction  products  obtained  is  illustrated  in 
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Figure  36  This  shows  that  one  of  the  isomerization  products  (R- 
ARTL)  was  the  major  product  of  the  reaction,  and  that  much 
unreacted  artelinic  acid  remained.  This  is  in  sharp  contrast  to  the 
result  illustrated  in  Figure  35,  and  confirms  the  relatively  higher 
reactivity  of  8-hydroxy-5-nitroquinoline  (NHQ)  as  determined  in 
other  solvents. 

Next,  the  reactivity  of  other  8-hydroxyqui nolines  substituted 
with  electron-withdrawing  groups  other  than  the  nitro  group  was 
investigated  to  see  if  their  iron(II)  complexes  would  be  more 
effective  than  8-hydroxyquinoline  itself  in  converting  artelinic  acid 
to  the  hydroxylated  derivatives,  OH-ARTL  and  di-OH-ARTL.  After 
reacting  artelinic  acid  with  iron(II)  chloride  and  5-chloro-8- 
hydroxyquinoline  (CHQ)  in  a  mixture  of  methanol  and  pyridine,  the 
chromatogram  obtained  is  identical  to  that  illustrated  in  Figure  36, 
showing  that  as  in  the  reaction  with  8-hydroxyquinoline  itself,  most 
of  the  artelinic  acid  remained  unchanged  while  a  little  of  the 
rearranged  compound  (R-ARTL)  was  formed.  Thus,  5-chloro-8- 
hydroxyquinoline  is  not  any  more  reactive  than  8-hydroxyquinoline 
in  this  reaction. 

Artelinic  acid  was  reacted  with  iron(II)  chloride  and  5,7- 
dichloro-2-methyl-8-quinolinol  in  a  mixture  of  methanol  and 
pyridine.  A  chromatogram  of  the  reaction  products  is  illustrated  in 
Figure  37,  which  shows  evidence  of  the  formation  of  the 
hydroxylated  artelinic  acid  derivatives  (OH-R-ARTL  and  di-OH-ARTL) 
as  well  as  the  isomerization  products  (R-ARTL  and  OH-deoxyARTL). 
This  is  similar  to  the  result  obtained  with  8-hydroxy-5- 
nitroquinoline  (NHQ)  (Figure  35).  (The  large  peak  at  the  later  part  of 
the  chromatogram  in  Figure  37  is  reagent  related.)  Artelinic  acid 
was  reacted  with  iron(II)  chloride  and  5,7-dibromo-2-methyl-8- 
quinolinol  in  a  mixture  of  methanol  and  pyridine.  A  chromatogram 
of  the  reaetion  products  is  illustrated  in  Figure  38,  which  also  shows 
evidence  of  the  formation  of  the  hydroxylated  artelinic  acid 
derivatives  (OH-R-ARTL  and  di-OH-ARTL)  as  well  as  the 
isomerization  products  (R-ARTL  and  OH-deoxyARTL). 

Artelinic  acid  was  reacted  with  iron(II)  chloride  and  8- 
hydroxyquinoline-5-sulfonic  acid  (SHQ)  in  a  mixture  of  methanol  and 
pyridine.  A  chromatogram  of  of  the  reaction  products  is  illustrated 
in  Figure  39  .  This  shows  a  relatively  high  yield  of  the  hydroxylated 
artelinic  acid  derivatives  (OH-R-ARTL  and  di-OH-ARTL)  compared  to 
the  results  obtained  with  other  substituted  8-hydroxyquinolines. 

It  should  be  noted  that  the  primary  aim  of  this  work  was  to 
achieve  the  biomimetic  hydroxylation  of  artelinic  acid  no  attempt 
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was  made  to  determine  the  exact  nature  of  the  iron  complexes  of  the 
(S-h^'droxyquinolines  involved  in  the  reactions. 

3.3.2.  Isolation  and  characterization  of  the  hydroxylated 
artelinic  acid  derivatives  produced  by  the  reaction 
of  artelinic  acid  with  iron(II)  chloride  and 
substituted  8-hydroxyquinolines 

Since  the  reaction  of  artelinic  acid  with  NHQ  or  SHQ  in  a 
mixture  of  pyridine  and  ethanol  or  in  the  presence  of  imidazole  seem 
to  give  the  best  yields  of  the  hydroxylated  artelinic  acid  derivatives 
(OH-R-ARTL  and  di-OH-ARTL)  the  semi-preparative  reaction  of 
artelinic  with  NHQ  or  SHQ  was  carried  out  as  described,  to  isolate  and 
characterize  the  hydroxylated  artelinic  acid  derivatives. 

The  monohydroxylated  compound,  (OH-R-ARTL,  figure  43)  has 
a  melting  point  of  214-2160  .  The  ^  H-nmr  (Figure  40)  has  the 
following  resonances; 

5  (number  of  protons,  multiplicity  of  signal,  J-value,  position  of  proton) 
8  0.90  (3H,  d,  J  =  6.35,  Me- 14), 

0.98  (3H,  d,  J  =  7.28,  Me-13), 

1.89  (IH,  m,  H-11), 

2.19  (3H,  s,  Me-15), 

4.53  (IH,  d,  J  =  12.91,  H-16p), 

4.83  (IH,  d,  J  =  4.1,  H-12), 

5.05  (IH,  d,  J  =  12.87,  H-16a), 

6.28  (IH,  unresolved  triplet,  H-3), 

6.35  (IH,  s,  H-5), 

7.46  (2H,  d,  J  =  8.20,  H-18,  H-22), 

8.08  (2H,  d,  J  =  8.26,  H-19,  H-21). 

Comparison  of  the  ^H-nmr  of  OH-R-ARTL  with  that  of  artelinic 
acid  shows  that  the  resonance  for  the  methyl  group  in  the  15- 
position  which  appears  as  a  3-proton  singlet  at  81.46  in  artelinic  acid 
is  absent  in  the  ^H-nmr  of  the  OH-R-ARTL.  Instead,  the  3-proton 
singlet  appears  at  8  2.19,  which  indicates  a  methyl  group  adjacent  to 
a  carbonyl  function.  The  8  value  of  2.19  for  the  15-methyl  group  of 
OH-R-ARTL  is  comparable  to  the  8  value  of  2.17,  for  the  same  methyl 
group  in  rearranged  artelinic  acid  as  described  above  (Section  1). 
The  resonance  for  the  single  proton  in  the  5-position  of  OH-R-ARTL 
has  a  8  value  of  6.35,  the  same  as  in  the  spectrum  of  rearranged 
artelinic  acid.  This  suggests  that  the  unknown  OH-R-ARTL  is  a 


44 


hydroxylated  rearranged  artelinie  acid.  The  ^H-nmr  of  OH-R-ARTL 
is,  however,  devoid  of  the  diagnostic  two  proton  resonances  at  5  3.95 
and  5  4.26  characteristic  of  the  a  protons  of  a  tetrahydrofiiran  ring 
as  found  in  rearranged  artelinie  acid  (R-ARTL).  This  indicates  that 
the  hydroxy  group  of  OH-R-ARTL  is  present  in  the  3-position,  that  is, 
the  a -position  of  the  tetrahydrofuran  ring  of  the  rearranged 
compound.  Signals  at  6  2,03  and  6  2.40  for  the  respective  3a  and  3(3 
protons  of  artelinie  acid  are  absent  from  the  spectrum  of  OH-R- 
ARTL,  thus  confirming  that  the  3-position  has  been  altered  in  OH-R- 
ARTL.  Hydroxylation  of  the  a-position  of  the  tetrahydrofuran  ring 
of  the  rearranged  compound  introduces  a  new  -OCHO-  grouping,  the 
presence  of  which  proton  is  indeed  confirmed  by  the  signal  at  5  6.28. 
As  would  be  expected,  this  is  comparable  to  the  5  value  of  6.35  for 
the  proton  in  the  5-position  which  is  in  another,  similar  -OCHO- 
grouping.  The  ^H-nmr  spectrum  is  consistent  with  the  structure  of 
OH-R-ARTL  depicted  in  Figure  43  as  hydroxylated  rearranged 
artelinie  acid.  The  stereochemistry  of  the  hydroxy  group  is  not 
certain. 

The  thermospray  mass  spectrum  of  OH-R-ARTL  is  illustrated  in 
Fieure  41(a):  (m/z,  relative  abundance  (%):  452,  100  %;  434,  24  %; 
417,  9  %;  392,  14  %;  374,  31  %;  357,  12  %;  300,  23  %;  283,  5  %;  256, 
18  %;  240,  30  %;  223,  15  %;  205,  28  %.  The  negative  ion  mass 

spectrum  is  also  illustrated  in  figure  40(b):  (m/z,  relative  abundance 
(%):  493,  70%;  433,  100%;  373,  24  %;  337,  30  %;  223,  25  %. 

The  highest  mass  in  the  thermospray  mass  spectrum  (m/z  452)  is 
due  to  the  quasi-molecular  [M  +  NH4]+  ion.  This  means  that  the 
molecular  mass  of  OH-R-ARTL  is  434,  which  is  16  units  above  the 
molecular  mass  of  artelinie  acid,  thus  showing  that  OH-R-ARTL  was 
formed  by  the  addition  of  an  oxygen  atom  to  the  artelinie  acid 

molecule.  A  fragmentation  patern  consistent  with  the  thermospray 
mass  spectrum  is  illustrated  in  Figure  42.  As  in  the  mass  spectrum 
of  the  related  rearranged  artelinie  acid  (Figures  14  and  15),  M-60 

(that  is,  [M  -  CH3COOH])  ions  formed  by  the  loss  of  the  acetate  group 
are  a  prominent  feature  of  the  thermospray  mass  spectrum  of  OH- 
ARTL. 

The  negative-ion  mass  spectrum  of  OH-R-ARTL  (Figure  41(b)) 
exhibits  a  quasi-molecular  [M  +  CH3COO]-  adduct  ion  with  m/z  of 
493  (that  is,  M  +  59).  The  peak  at  m/z  433  is  due  to  the  [M  -  H]-  ion. 
These  features  of  the  negative-ion  mass  spectrum  again  show  that 
the  molecular  mass  of  OH-R-ARTL  is  434  and  that  it  is  a 

monohydroxylated  artelinie  acid  derivative.  The  structure  of  OH-R- 
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ARTL  depicted  in  Figure  43  is  also  consistent  with  our  observation 
mentioned  earlier  that  the  compound  apparently  decomposes  when  a 
solution  of  the  compound  in  a  polar  solvent  such  as  methanol  is  kept 
for  some  time.  HPLC  of  a  methanol  solution  of  the  compound  show, 
within  hours,  a  decrease  in  the  size  of  the  peak  due  to  OH-R-ARTL 
and  the  appearance  of  new  peaks.  The  decomposition  of  OH-R-ARTL 
may  be  accounted  for  as  being  due  to  the  opening  of  the  hemi -acetal 
ring  of  the  structure  depicted  in  Figure  43.  A  solution  of  the 
compound  in  a  less  polar  solvent,  such  as  dichloromethane,  was 
found  to  be  relatively  more  stable.  The  yield  of  OH-R-ARTL  in  the 
reactions  was  between  5  and  7  % 

The  dihydroxylated  compound  (Figure  43,  di-OH-ARTL)  has  a 
melting  point  of  120-1220.  xhe  1  H-nmr  (Figure  44)  has  the 
following  resonances: 

5  (number  of  protons,  multiplicity  of  signal,  J-value,  position  of  proton) 
8  0.98  (3H,  d,  J  =  6.72,  Me-13), 

1.21  (3H,  d,  J  =  7.10,  Me-14), 

1.45  (3H;  singlet.  Me- 15) 

2.10  (2-H,  d,  d,  d,  J  =  2.72,  2.99,  2.65;  H-2), 

2.63  (1-H,  ni,  H-11) 

3,65  (1-H,  q,  H-9) 

3.81  (1-H,  t,  H-3) 

4.53  (IH,  d,  J  =  12.91,  H-16|3), 

4.79  (IH,  d,  J  =  4.1,  H-12), 

4.90  (IH,  d,  J  =  12.87,  H-16a), 

5.20  (IH,  s,  H-5), 

7.41  (2H,  d,  J  =  8.29,  H-18,  H-22), 

8.10  (2H,  d,  J  =  8.28,  H-19,  H-21). 

The  resonances  at  5  3.65  and  3. 81, which  are  absent  in  the 
spectrum  of  artelinic  acid,  indicate  that  the  compound  has  two  new 
secondary  alcohol  functions,  that  is,  it  has  two  new  -HOCH-  groupings. 
The  four  possible  positions  for  the  newly  introduced  secondary 
hydroxy  groups  are  the  2,  3,  8  and  9  positions.  When  compared  with 
the  iH-nmr  of  artelinic  acid,  the  spectrum  of  di-OH-ARTL  lacks  the 
resonance  signals  for  the  two  position-3  protons  at  5  2.03  and  2.40. 
This  suggests  that  one  of  the  hydroxy  groups  of  di-OH-ARTL  is  in  the 
3-position.  This  is  corroborated  by  the  appearance  of  the  resonance 
of  the  protons  in  position-2  as  three  doublets  centered  at  8  2.10.  The 
triplet  signal  centered  at  8  3.81  was,  therefore,  assigned  to  the  proton 
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in  the  3-position  of  di-OH-ARTL.  The  second  hydroxy  group  of  di- 
OH-ARTL  could  be  either  in  position-8  or  position-9.  The  significnant 
shift  in  the  resonance  of  methyl  group  in  the  14-position  (from  5 
0.95  in  the  1  H-nmr  spectrum  of  arteinic  acid  to  5  1.21  in  the 
spectrum  of  di-OH-ARTL)  suggests  that  the  second  hydroxy  group  is 
close  this  methyl  group,  that  is,  it  is  in  the 

9-position.  Based  on  the  l^C-nmr  evidence,  as  discussed  below,  the 
second  hydroxy  group  of  di-OH-ARTL  is  thought  to  be  at  the 

position-9.  Thus,  in  the  ^H— nmr  of  di-OH-ARTL,  the  quartet  of 
signals  centered  at  5  3.65  is  due  to  the  proton  in  the  9-position. 

The  Qf  the  compound  is  illustrated  in  Figure  45. 

When  compared  with  the  l^C-nmr  spectrum  of  artelinic  acid,  the 

spectrum  of  di-OH-ARTL  shows  two  new  signals  at  5  72.1  and  d  73.0 
which  indicate  that  two  new  oxygen-bonded  carbons  atoms  are 

present  in  the  molecule  of  di-OH-ARTL.  In  the  spectrum  of 

artelinic  acid,  the  carbon  atom  in  the  3-position  resonates  at  5 

36.287.  This  signal  in  absent  in  the  ^  spectrum  of  di-OH- 

ARTL,  thus  providing  further  evidence  that  one  of  the  hydroxy 
groups  of  di-OH-ARTL  is  in  the  3-position.  Similarly,  in  the  I3(y.,innr 
spectrum  of  artelinic  acid,  the  resonance  signal  for  the  carbon  atom 
in  the  9-position  occurs  at  5  34.464.  This  signal  is  absent  in  the 
spectrum  of  di-OH-ARTL,  thus  indicating  that  the  other  hydroxy 
group  of  di-OH-ARTL  was  introduced  into  the  9-position.  This  is  also 
consistent  with  the  shift  in  the  resonance  of  the  carbon  atom  in  the 
8-position  from  524.412  in  the  l^C-nmr  spectrum  of  artelinic  acid  to 
5  31.93  in  the  spectrum  of  di-OH-ARTL.  This  shift  arises  because  the 
oxygenated  9-position  in  di-OH-ARTL  is  adjacent  to  the  carbon  atom 
in  the  8-position.  For  the  same  reason',  a  similar  shift  is  also 

observed  in  the  resonance  of  the  carbon  atom  in  the  10-position, 
from  5  37.309  in  artelinic  acid  to  5  49.200  in  di-OH-ARTL 

The  thermospray-  and  negative  ion  mass  spectra  of  di-OH- 
ARTL  are  illustrated  in  Figures  46(a)  and  46(b).  The  highest  mass 
in  the  thermospray  mass  spectrum  (m/z  468)  is  due  to  the  quasi- 
molecular  [M  -i-  NH4]+  ion.  This  means  that  the  molecular  mass  of  di- 
OH-ARTL  is  450,  which  is  32  units  above  the  molecular  mass  of 
artelinic  acid,  thus  showing  that  di-OH-ARTL  was  formed  by  the 
addition  of  two  oxygen  atoms  to  the  artelinic  acid  molecule.  A 
fragmentation  pattern  proposed  for  the  thermospray  mass  spectrum 
is  illustrated  in  Figure  47.  The  presence  of  a  M-32  (M-CH3OH)  peak 
in  the  thermospray  spectrum  of  di-OH-ARTL  is  consistent  with  the 
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presence  of  hydroxy  group  which  is  adjacent  to  a  raethy]  group  as  in 
the  proposed  structure  of  di-OH-ARTL.  In  the  negative  ion  mass 
spectrum,  the  m/z  509  ion  is  the  acetate  adduct  ion  ([M  +  CH3COO]‘; 
M  +  59),  thus  showing  that  the  molecular  mass  of  di-OH-ARTL  is  450 
and  that  di-OH-ARTL  must  have  been  formed  from  artelinic  acid  by 
the  addition  of  two  oxygen  atoms.  Thus,  all  the  spectroscopic 
evidence  suggest  that  the  sructure  of  di-OH-ARTL  is  as  depicted  in 
Figure  43.  The  stereochemistry  of  the  hydroxy  groups  is  not  certain. 

The  yield  of  di-OH-ARTL  in  the  reaction  was  between  8  and 

10  % 

3.3.3.  Reaction  of  artelinic  acid  with  manganese(n)-8- 

hydroxyquinoline  complex  in  a  mixture  of  acetone 
and  mercaptoethanol 

Artelinic  acid  reacted  completely  with  the  manganese(n)-8- 
hydroxyquinoline  complex,  .  in  an  acetone-mercaptoethanol  mixture, 
to  give  almost  exelusively  the  rearranged  compound  (R-ARTL),  with 
only  a  trace  of  OH-deoxyARTL. 

3.3.4.  Reaction  of  artelinic  acid  with  manganese(TI)-8- 

hydroxyquinoline  complex  in  pure  pyridine 

Artelinic  acid  remained  virtually  unchanged  when  it  was 
reacted  with  the  manganese(II)-8-hydroxquinoline  complex  in  pure 
pyridine,  with  only  a  trace  of  the  rearranged  compound  (R-ARTL) 
being  formed. 


3.4.  DISCUSSION 


3.4.1.  Biomimetic  hydroxylation  of  artelinic  acid  with 

complexes  of  8-hydroxyquinoline  and  its  analogues 

There  has  been  no  previous  report  on  C-hydroxylation  using 
the  iron(II)  complexes  of  8-hydroxyquinolines.  Therefore,  our 
attempt  to  hydroxylate  artelinic  acid  using  these  complexes  required 
a  thorough  study  of  the  reaction  conditions.  In  these  reactions,  the 
hydroxylation  pathway  is  in  competition  with  the  pathway  that  leads 
to  the  isomerization,  or  rearrangement,  of  artelinic  acid.  As 
described  above,  the  effectiveness  of  the  reaction  system  in  bringing 
about  the  hydroxylation  of  artelinic,  under  any  particular  reaction 
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condition,  could  easily  be  judged  by  comparing  the  relative  yields  of 
the  rearrangement  and  hydroxylation  products. 

The  rationale  for  our  choice  of  reaction  conditions,  or  factors,  to 
be  studied  have  been  detailed  in  the  introductory  part  to  Section  II 
of  this  report.  The  three  main  factors  studied  are  the  polarity  of  the 
solvent,  the  effect  of  possible  secondary  ligands,  and  the  structure  of 
the  8-hydroxyquinoline  analogs. 

The  above  results  show  that  the  reaction  of  artelinic  acid  with 
the  complexes  of  8-hydroxyquinoline  analogs  is  inhibited  in  polar 
solvent  such  as  acetone  or  ethanol.  In  these  solvents,  much  of  the 
artelinic  acid  remained  unreacted,  and  only  one  of  the  isomerization 
products  is  the  sole,  or  major  product.  In  contrast,  in  a  relatively 
non-polar  solvent  such  as  benzene,  artelinic  acid  was  completely 
comverted  to  a  mixture  of  the  isomerization  products,  R-ARTL  and 
OH-deoxyARTL.  However,  the  hydroxylation  of  artelinic  acid  was  not 
observed  in  this  solvent. 

The  effect  of  possible  secondary  ligands  was  studied  by 
carrying  out  the  reaction  in  the  presence  of  pyridine  or  imidazole  or 
mercaptoethanol.  Pyridine  and  imidazole  could  coordinate  with  the 
iron(II)-8-hydroxyquinoline  complex  through  their  respective 
nitrogen  atoms,  while  mercaptoethanol  could  coordinate  through 
both  an  oxygen  and  a  sulfur  atom.  The  reactivity  of  the  iron(II)-8- 
hydroxyquinoline  complex  would,  therefore,  be  expected  to  be 
affected  in  different  ways  by  pyridine  and  imidazole  on  the  one 
hand,  and  mercatoethanol  on  the  other.  The  results  described  above 

show  that  mercaptoethanol  promotes  the  isomerization  of  artelinic 
acid  by  the  iron(II)-8-hydroxyquinoline  complex.  For  example, 
while  the  reaction  is  inhibited  when  pure  acetone  was  used  as 

solvent,  artelinic  acid  was  completely  converted  to  a  mixture  of  the 
isomerization  products  when  the  acetone  contained  a  little  of 
mercaptoethanol.  However,  mercaptoethanol  did  not  promote  the 
hydroxylation  of  artelinic  acid.  Pyridine  was  also  found  to  promote 
the  reaction  of  the  iron(II)-8-hydroxyquinoline  complex  with 
artelinic  acid.  When  the  reaction  was  carried  out  in  a  mixture  of 

acetone  and  pyridine,  both  the  isomerization  products  and  the 
monohydroxylated  artelinic  acid  derivative  were  formed,  although 
some  unreacted  artelinic  acid  remained,  reflecting  the  inhibiting 
effect  of  acetone.  This  result  show  that  pyridine  promotes  the 

hydroxylation  of  artelinic  acid  by  the  iron(II)-8-hydroxyquinoline 
complex.  When  the  reaction  was  carried  out  in  pure  pyridine, 
artelinic  acid  was  completely  converted  to  the  isomerization  products 
and  the  monohydroxylated  rearranged  artelinic  acid  derivative  (OH- 
R-ARTL).  Since  the  polarity  index  of  pyridine  (5.3)  is  similar  to  that 
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of  acetone  (5.1),  it  is  unlikely  that  the  different,  respective  effects  of 
the  two  solvents  on  the  reaction  is  due  to  differences  in  their 
polarity.  The  behavior  of  pyridine  in  promoting  the  hydroxylation  of 
artelinic  aeid  by  the  iron(II)-8-hydroxyquinoline  complex  is  more 
likely  to  be  due  to  the  ability  of  pyridine  to  coordinate  with  the 
complex  through  its  nitrogen  atom.  This  reasoning  is  suported  by 
the  result  of  the  reaction  of  artelinic  acid  with  the  complex  of  iron(II) 
and  the  substituted  8-hydroxyquinolines  in  the  presence  of 
imidazole.  When  the  reaction  was  carried  out  in  dichloromethane  in 
which  imidazole  was  dissolved,  the  result  obtained  was  identical  to 
that  obtained  when  the  reaction  was  carried  out  in  pure  pyridine. 
Since  imidazole  is  not  a  solvent,  its  effect  on  the  reaetion  could  only 
have  arisen  from  its  ability  to  coordinate  with  the  complex  through  a 
nitrogen  atom,  in  the  same  manner  as  pyridine.  Thus  the  influence 
of  the  solvent  in  this  reaction  may  derive  not  from  the  polarity 

effect,  but  from  the  efffect  of  possible  coordination  of  solvent 
molecules  with  the  iron(II)-8-hydroxyquinolines  complex.  This  is 
borne  out  by  the  result  obtained  when  the  reaction  was  carried  out 
in  a  mixture  of  pyridine  and  methanol  or  a  mixture  of  pyridine  and 
ethanol.  When  the  reaction  was  carried  out  in  a  mixture  of  pyridne 
and  either  of  these  alcohols  both  monohydroxylated  and 
dihydroxylated  artelinic  acid  derivatives  were  formed,  in  addition  to 
the  products  of  isomerization.  As  noted  above,  the  reaction  of 
artelinic  acid  with  the  iron(II)  complexes  of  the  8-hydroxyquinolines 
occurs  only  to  a  limited  extent  in  absolute  ethanol  or  methanol.  Yet, 
when  used  as  a  mixture  with  pyridine  these  alcohols  apparently 

augment  the  effeet  of  pyridine  in  the  reaction,  to  the  extent  that 
dihydroxylation  of  artelinic  acid  was  acheived  Since  the  polarity 

index  of  the  aleohols  (5.1)  is  the  same  as  that  of  pyridine  the 
influence  of  the  alcohols  in  enhancing  the  hydroxylation  of  artelinic 
by  the  iron(II)-8-hydroxyquinoline  complex  is  probably  related  to 
their  effect  on  the  coordination  of  pyridine  to  the  complex,  rather 

than  a  polarity  effect.  It  is,  however,  possible  that  the  high  dielectric 
constant  of  the  aleohols,  as  well  as  the  higher  solubility  of  dioxygen 
in  the  alcohols  play  a  role  in  their  apparent  ability  to  augment  the 
hydroxylation  of  artelinic  acid  by  the  iron(Il)-8hydroxyquinoline 
complex  in  presence  of  pyridine. 

It  was  noted  in  the  introduction  to  Section  II  that  activation  of 
dioxygen  by  iron(II)  complexes  involves  oxidation  of  the  metal.  It  is 
also  well  known  that  certain  complexes  of  iron(II),  such  as  the  iron- 
salen  complex,  interact  so  strongly  with  atmospheric  dioxygen  that 
the  complexes  ean  only  be  isolated  under  an  inert  atmosphere. 
Interaction  of  such  complexes  with  dioxygen  results  in  the  oxidation 
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of  the  iron(II)  to  iron(III).  Since  this  is  an  electron  transfer  process, 
it  would  be  expected  that  structural  features  of  the  ligand  which  may 
influence  the  electron  transfer  process  would  affect  the  activation  of 
di oxygen  by  the  complex,  and  hence  the  ability  of  the  complex  to 
bring  about  C-hydroxylation.  It  was  with  this  thinking  in  mind  that 
we  studied  the  reaction  of  artelinic  acid  with  complexes  formed  from 
iron(II)  and  different  8-hyroxyquinolines  which  have  electron- 
withdrawing  groups  in  the  5-position  of  the  8-hydroxyquinoline 
molecule.  The  results  reported  above  show  that  the  iron(n) 
complex  of  8-hydroxyquinoline  itself  did  not  bring  about  the 
hydroxylation  of  artelinic  acid  when  the  reaction  was  carried  out  in  a 
mixture  of  pyridine  and  methanol  or  ethanol.  In  contrast,  8- 
hydroxy-5-nitroquinoline  (NHQ)  and  8-hydroxyquinoline-5-sulfonic 
which  respectively  have  the  electron-withdrawing  nitro-  and 
sulfonic  groups  in  the  5-position,  for  iron(II)  complexes  which  react 
with  artelinic  acid  in  a  mixture  of  ethanol  (or  methanol)  and 
pyridine  to  bring  about  the  mono-  and  dihydroxylation  of  the 
artelinic  acid.  The  effect  of  electron-withrawing  groups  in  the 
benzene  ring  of  the  8-hydroxyquinoline  in  promoting  hydroxylation 
by  the  iron(II)  complex  is  demonstrated  by  the  contrasting  results 
obtained  with  the  respective  iron(II)  complexes  of  5-ch]oro-8- 
hydroxyquinoline  (CHQ)  and  5,  7-dichloro-2-methyl-8-quinolinol 
(DCMHQ).  As  with  the  iron(II)  complex  of  the  unsubstituted  8- 
hydroxyquinoline,  no  hydroxylation  was  observed  in  the  reaction  of 
the  iron(II)  complex  of  CHQ  with  artelinic  acid  in  an  ethanol-pyridine 
mixture.  In  eontrast,  with  DCMHQ  which  has  a  second  chlorine 
substituent  in  the  benzene  ring  of  the  quinoline,  the  iron(II)  complex 
brings  about  both  mono-  and  dihyroxylation  of  artelinic  acid. 

In  summary,  the  present  results  show  that  hydroxylation  of 
artelinic  acid  (and  perhaps  other  artemisinin  derivatives)  may  be 
achieved  by  reaction  with  the  iron(H)  complexes  of  8- 
hydroxquinolines  which  have  strongly  electron-withdrawing  groups 
in  the  5-position  of  the  quinoline  ring,  with  the  reaction  being 
carried  out  in  the  presence  of  pyridine  or  imidazole. 

3.4.2.  Reaction  of  artelinic  acid  with  manganese(II)-8- 
hydroxyquinoline  complex 

The  reaetion  of  artemisinin  compounds  with  the  manganese(II) 
complex  of  8-hydroxyquinoline  has  not  been  previously  reported. 
Artelinic  acid  was  reacted  with  this  complex  to  find  out  if  this  could 
bring  about  the  hydroxylation  of  artelinic  acid.  The  results  obtained 
show  that  the  manganese(II)  complex  of  8-hydroxyquinoline  only 
brings  about  the  isomerization  of  isomerization  of  artelinic,  with 
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almost  exclusive  formation  of  the  furan  acetate  derivative,  R-ARTL. 
The  results  also  show  that  the  reaction  of  the  manganese(II)-8- 
hydroxyquinoline  complex  with  artelinic  acid  is  promoted  by 
mercaptoethanol,  while  it  is  inhibited  by  pyridine.  Since  the 
substitution  of  manganese(II)  for  iron(II)  in  these  reactions  did  not 
seem  to  have  any  apparent  advantage  the  reaction  of  artelinic  acid 
with  the  manganese(II)  complex  of  8-hydroxyquinolines  was  not 
studied  as  extensively  as  the  reaction  with  the  iron(II)  complexes. 

3.4.3.  Correlation  of  the  biomimetic  reaction  with  the 
in  vitro  metabolism  of  artelinic  acid  by  rat  liver 
microsomes 

As  noted  earlier  in  this  report,  the  reaction  of  artelinic  acid 

with  the  iron(II)  complex  of  the  8-ahydroxyquinolines  brings  about 
the  isomerization  of  artelinic  acid  to  give  the  furan  acetate  derivative 
(R-ARTL)  and  3-hydroxydeoxyartelinic  (OH-deoxyARTL)  in  the  same 
way  as  observed  with  the  reaction  of  artelinic  acid  with  rat  liver 
microsomes.  Thus,  the  biomimetic  reaction  offers  a  ready  means  of 
producing  standards  of  the  isomerization  metabolites. 

A  monohydroxylated  artelinic  acid  has  been  observed  as  a 
microsomal  metabolite  of  artelinic  acid.  A  chromatogram  of  the 

compounds  formed  on  the  incubation  of  artelinic  acid  with  rat  liver 

microsomes  in  shown  in  Figure  48,  by  courtesy  of  Dr  Skanchy. 

Comparison  of  this  chromatogram  with  the  chromatograms  presented 
in  Section  II  of  this  work  shows  that  the  hydroxylated  artelinic  acid 
metabolite  elutes  just  before  OH-deoxyARTL  as  observed  with  the 
OH-R-ARTL  identified  from  the  biomimetic  reaction.  However, 
similarity  of  chromatographic  behaviour  is  no  proof  of  identity.  Like 
the  microsomal  metabolite,  the  compound  OH-R-ARTL  produced  in 
this  work  also  respond  to  the  electrochemical  detector  during  HPLC 
with  electrochemical  detection,  which  may  be  taken  to  mean  that  the 
peroxide  group  of  artelinic  acid  remains  intact  in  both  OH-R-ARTL 
and  the  microsomal  metabolite.  However,  the  compound  OH-R-ARTL, 
as  the  hydroxyaldehyde  isomer,  may  respond  to  the  EC  detector 
because  the  aldehyde  group  is  reducible  at  the  voltage  at  which  the 
detector  is  used  to  detect  the  artemisinin  compounds.  There  is 
therefore  no  certainty  that  the  hydroxylated  rearranged  artelinic 
acid  (OH-R-ARTL)  produced  by  the  biomimetic  reaction  is  identical  to 
the  hydroxyartelinic  acid  produced  by  the  microsomal  metabolism  of 
artelinic  acid. 

Unlike  the  biomimetic  reaction,  metabolic  dihydroxylation  of 
artelinic  acid  has  not  been  observed.  However,  dihydroxylation  of 
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artelinic  acid  as  reported  here  may  serve  as  a  means  of 
functionalizing  the  3-  and  9-positions  of  the  molecule. 


4  .  SUMMARY  AND  CONCLUSIONS 

1.  The  essential  problem  confronted  in  the  study  of  the 
metabolism  of  artelinic  acid,  as  in  the  study  of  the  metabolism  of 
other  artemisinin  derivatives,  is  the  non-availability  of  authentic 
standards  of  putative  metabolites  to  use  in  the  unambiguous 
identification  of  real  in  vitro  and  in  vivo  metabolites. 

2.  In  the  present  work  we  attempted  to  Overcome  this  problem 
by  studying  the  reaction  of  artelinic  acid  with  complexes  of  iron(II) 
and  manganese(II),  which  are  chemical  systems  that  might  simulate 
the  action  of  the  cytochrome  P-450  enzymes. 

3.  Biomimetic  isomerization  of  artelinic  acid  to  the  furan  acetate 
isomer  and  3-hydroxydeoxyartelinic  acid,  and  its  deoxygenation  to 
deoxyartelinic  acid,  were  readily  effected  by  its  reaction  with 
complexes  of  iron(II)  and  manganese(II)  in  an  appropriate  solvent. 

4.  The  isomerization  of  artelinic  acid  by  these  complexes  is 
promoted  by  mercaptoethanol,  but  inhibited  by  pyridine. 

5.  Biomimetic  mono-  and  dihydroxylation  of  artelinic  acid  was 
achieved  by  the  reaction  of  artelinic  acid  with  the  iron (II)  complexes 
of  8-hydroxyquinoline  analogs  substituted  in  the  5-position  with 
electron-attracting  groups,  and  in  the  presence  of  pyridine  or 
imidazole. 

6.  Monohydroxylation  alone  was  achieved  when  the  reaction  was 
carried  out  in  pure  pyridine  or  in  dichloromethane  containing 
imidazole. 

7.  Both  mono-  and  dihydroxylation  were  achieved  when  the 
reaction  was  carried  out  in  mixture  of  pyridine  and  ethanol  (or 
methanol) 

8.  The  monohydroxylated  compound  underwent  rearrangement 
to  the  corresponding  furan  acetate  derivative. 
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table  1 


Products  of  the  reaction  of  artelinic  acid  with 
iron(II)  compiexes 


REACTION 

SYSTEM 


Unchanged  P-ART.L 

AETL 


PRODUCTS 

r>H-HpnxvARTL  deoxvARTL 


Uclenfriend 

system 


X 


X  X 


nH-deoxvDOHS 


X 


l-lcmin- 
Cysieine  in 
water 

X 

Hemin- 
Cysteine  in 
aqueous 
acetone 

X 

Hemin- 
Glutathione 
in  water 

X 

Hemin' 
Glutathione 
in  aqueous 
acetone 

X 

Hemin- 
Thiosalicylic 
acid  in  water 

X 

trace 

Id  e  m  i  n  - 
Thiosalicylic 
acid  in 
acetone 

trace 

X 

1  ron(ll)- 
Thiosalicylic 
acid  in  water 

X 

— 

1 r(oi( 11 )- 
Thiosalicylic 
acid  in 
acetone 

trace 

X 

1  ron ( 1 1  )  - H - 
h  yd  roxyq ui- 
lioline  in 
, mucous 
acetone 
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X 

X 


X 


trace 


X 


X 


X 
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X 


X 
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X 


X 


Possible 

hydroxylated 

ARIL 


X 


X 
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Note:  X  =  minor  product 

X  major  product 


Table  2 

Products  of  the  reaction  of  artelinic  acid  with  the 
iron(II)  complexes  of  8-hydroxyquinoline  and  its 
substituted  analogs. 


REACTION 

SYSTEM 
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ARTL 

R-ARTL 

PRODUCTS 

OH-deoxvARTL  OH-R-ARTL 

di-OH-ARTL 

Iron(II)  +  HQ 
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X 

X  X 
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Iron  (I  I) 
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X 

—  . 

Iron(II)  +  HQ 
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mercaptoeth- 
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X 

Iron(II)  +  HQ 
in  acetone  + 
pyridine 

X 

X 

X  _ 

-■ 

Iron(II)  + 

X 

X  __ 

NHQ  in 
acetone  + 
mercaptoeth- 
a  n  0 1 

Iron(II)  +  X  X  X  X 

NHQ  in 
acetone  + 
pyridine 

Iron(II)  +  X  X  _  _ 

NHQ  in  pure 
acetone 

Iron(il)  + 

NHQ  in 
p  II  re 
pyridine 


X 


X 
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Table  2  (contd.) 

Products  of  the  reaction  of  artelinic  acid  with  the 
iron(II)  complexes  of  8-hydroxyquinoline  and  its 
substituted  analogs. 


REACTION 

SYSTEM 

Unchanged 

ARTL 

R-ARTL 

PRODUCTS 

OH-deoxvARTL 

OH-R-ARTL 

di -OH- ARTL 

Iron(II)  + 
NHQ+ 

imidazole  in 
dichlorome- 
1  h  a  n  e 

■ 

X 

X 

X 

Iron(II)  + 

NHQ  in  pure 
dichlorome- 
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X 
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— 

— 

Iron(II)  + 

NHQ  in  pure 
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X 

X 

- 
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ethanol 

X 

X 
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- 

- 

Iron(II)  + 
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pyridine  + 
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X 

X 

X 

X 

X 

Iron(II)  + 

NHQ  in 
pyridine  + 
m  e  t  ii  a  n  0 1 

X 

X 

X 

X 

X 

Iron(ll)  +  HQ 
in  pyridine  + 
c  l  li  a  n  0 1 

X 

X 
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- 

“ 

Irondl)  +  CHQ 
in  pyridine  + 

0 1  h  a  n  0 1 

X 

X 

trace 

- 

- 

Table  2  (contd.) 

Products  of  the  reaction  of  artelinic  acid  with  the 
iron(II)  complexes  of  8-hydroxyquinoline  and  its 
substituted  analogs. 


REACTION 

SYSTEM 

Unchanged  R-ARTL 

ARTL 


Iron(ll)  + 
DCMHQ  in 
pyridine  + 
ethanol 

Iron(II)  + 
DBN^Q  in 
pyridine  + 
ethanol 

Irondl)  +  SHQ 
in  pyridine  + 
ethanol 

Iron(II)  +  SHQ 
in  pyridine  + 
methanol 


X  X 

X 

X  X 

X  X 


PRODUCTS 

OH-dcoxvARTL  OH-R-ARTL  dj 

X  X 

X  X 

X  X 

X  ,  X 


Notes  to  Table  2 
X  =  minor  product 
X  =  major  product; 

HQ  =  8-Hydroxyquinoline 

NHQ  =  8-Hydroxy-5-nitroquinoline 

CHQ  =  5-Chloro-8-hydroxyquinoline 

DCMHQ  =  5,7-Dichloro-2-methyl-8-quinolinol 

DBMHQ  =  5,7-Dibromo-2-methyl-8-quinolinol 

SHQ  =  8-Hdroxyquinoline-5-sulfonic  acid 


-OH-ARTL 

X 

X 

X 
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Figure  2.  Likely  Pathways  of  Artelinic  Acid  Metabolism 
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Figure  6.  Total  ion-  and  UV  chromatograms  of  the  products  of 

the  reaction  of  artelinic  acid  with  the  iron(II)-lhiosalicylic 
reaction  system. 


Figure  7.  Total  ion-  and  UV  chromatograms  of  the  products  ol 
the  reaction  of  artelinic  acid  with  the  iron(II)-H- 
hydroxyquinoline  reaction  system. 
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Figure  1  1.  Proposed  fragmentation  pattern  for  the  thermospray  mass  spectrum 
of  artelinic  acid. 
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Figure  14.  (a)  Thermospray  mass  spectrum  and  (b)  Negative  ion 

mass  spectrum  of  rearranged  artelinic  acid  (R-ARTL). 
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Figure  16.  iH-nmr  spectrum  of  hydroxydeoxyartel: 
(OH-deoxyARTL). 
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Figure  18.  (a)  Thermospray  mass  spcclrum  and  (b)  Negative  len 
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acid  (OH-deoxyARTL). 


HO 


CHa 


m/z231 


Figure  19.  Proposed  fragmentation  pattern  for  the  thermospray  mass  spectrum 
of  3-hydroxydeoxyartelinic  acid 
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Figure  22.  HPLC  chromatogram  of  the  products  of  the  reaction  of 

artelinic  acid  with  iron(II)  chloride  and  8-hydroxyquinoline 
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Figure  24.  HPLC  chromatogram  of  the  products  of  the  reaction  of 
artelinic  acid  with  iron(II)  chloride  and 
8 -hydroxy quinoline  in  a  mixture  of  acetone  and 
mercaptoethanol.  _ 
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Figure  25.  HPLC  chromatogram  of  the  products  of  the 
artelinic  acid  with  iron(II)  chloride  and 
8-hydroxyquinoIine  in  a  mixture  of  acetone 
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27.  HPLC  chromatogram  of  the  products  of  the  reaction  of 
artelinic  acid  with  iron(II)  chloride  and 

8-hydroxy-5-nitr6quinoline  (NHQ)  in  a  mixture  of  acetone 
and  mercaptoethanol. 


ioimi 

“11 

n::i 


lllli! 


l! 

ill 


ti; 


II 


iipplli 
Oita 
Oil  “ 


lifiim 
liiir 


iiiii 


m 

le 

imii 
111 


ill 

lliO 


jlill 

ttin 

Uil 

JllllO 


OH-R-ARTL 


ii:::ii! 


iOill 

m 


l:tl 


ill  ill 
ill 


nil 


IlllliP 


lilil 
JW 
iiRimi 


11 


ii  t 


JlIHllii 
llilimi 

.  i:  b:i::;si::4 

'IB 


Time  (Min.) 


Muurc  28.  HPLC  chromatogram  of  the  products  of  the  rcaclioii  ol 
artelinic  acid  with  iron(ll)  chloride  and 
8-hydroxy-5-nitroquinoline  (NHQ)  in  a  mixture  ol  acetone 
and  pyridine. 
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Miiurc  30.  HPLC  chromatogram  of  the  products  of  the  reaction  ol 
artelinic  acid  with  iron(Il)  chloride  and 
8-hydroxy-5-nilroquinolinc  (NHQ)  in  pure  pyridine. 
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Figure  33.  HPLC  chromatogram  of  the  products  of  the  reaction  of 
artelinic  acid  with  iron(II)  chloride  and 
8-hydroxy-5-nitroquinoline  (NHQ)  in  pure  benzene. 
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Mtiurc  34.  HPLC  chromatogram  of  the  products  of  the  reaction  ol 
artelinic  acid  with  iron(ll)  chloride  and 
8-hydroxy-5-nitroquinolinc  (NHQ)  'n  ahsoliilc  ethanol 


Figure  35.  HPLC  chromatogram  of  the  products  of  the  reaction  of 
artelinic  acid  with  iron(II)  chloride  and 
8-hydroxy-5-nitroquinoline  (NHQ)  in  a  mixture  of  pyridine 
and  ethanol. 
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37.  HPLC  chromatogram  of  the  products  of  the  reaction  of 
artelinic  acid  with  iron(II)  chloride  and  5,7-dichloro-2- 
methyl-8-quinolinol  (DCMHQ)  in  a  mixture  of  pyridine  and 
methanol. 
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Figure  38.  HPLC  chromatogram  of  the  products  of  the  reaction  of 
artelinic  acid  with  iron(II)chloride  and  5,7-dibromo-2- 
methyl-8-quinolinol  (DBMHQ)  in  a  mixture  of  pyridine  and 
methanol. 
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Figure  39.  HPLC  chromatogram  of  the  products  of  the  reaction  of 
artelinic  acid  with  iron(II)chloride  and 
8-hydroxyquinoline-5-sulfonic  acid  (SHQ)  in  a  mixture  of 
pyridine  and  methanol. 
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Hgure  40.  iH-nmr  spectrum  of  hydroxylated  rearranged 
artelinic  acid  (OH-R-ARTL). 
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Figure  41.  (a)  Thermospray  mass  spectrum  and  (b)  Negative  ion  mass 
spectrum  of  hydroxylated  rearranged  artelinic  acid 
(OH-R-ARTL). 
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Figure  42.  Proposed  fragmentation  pattern  for  the  thermospray  mass  spectrum 
of  hydroxylated  rearranged  artelinic  acid  (OH-R-ARTL). 


FIGURE  43.  Structures  of  hydroxylated  artelinic  acid  derivatives 
formed  by  the  reaction  of  artelinic  acid  with  the  iron(ll) 
complexes  of  8-hydroxyquinolines. 
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Figure  44.  iH-nmr  spectrum  of  dihy 
derivative  (di-OH-ARTL). 
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ligitrc  46.  (a)  Thermospray  mass  spcclrum  and  (b)  Negative  ion  mass 
spectrum  of  dihydroxylalcd  arlclinic  acid  derivative 
(di-OH-ARTL). 
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Figure  47.  Proposed  fragmentation  pattern  for  the  thermospray  mass  spectrum 
of  dihydroxyartelinic  acid  (di-OH-ARTL) 
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Figure  48.  Total  ion  chromatogram  of  compounds  formed  by  the 
incubation  of  artelinic  acid  with  liver  microsomcs. 
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Purpose.  To  study  the  reaction  of  artdinic  acid  with  chemical  model 
systems  of  cytochrotne  P-450  as  a  means  of  obtaining  authentic  samples 
of  the  puutive  meubolites  necessary  for  identification  of  the  mamma¬ 
lian  metabolites  of  artelinic  acid. 

Methods.  Artelinic  acid  was  reacted  with  different  organic  complexes 
of  ifx>n<ll)-  The  reaction  products  were  isolated  and  characterized  by 
NMR  and  thermospray  mass  spectroscopy. 

Results.  Five  compounds  which  arc  puutive  meubolites  of  artelinic 
acid  were  isolated  frxxn  these  reactions  and  unambiguously  identified, 
while  the  identity  of  two  other  compounds  await  final  confirmation. 
Conclusions.  Standards  of  possible  metabolites  of  artelinic  add  can 
be  prxxJuccd  by  the  reaction  of  the  compound  with  ferrous  complexes 
that  may  simulate  cytochrome  P-450  catalyzed  meubolism  of  xenobkR- 
ics.  This  approach  may  provide  a  simple  and  versatile  method  for  the 
formation  of  meubolites  of  artemisinin  compounds  which  is  more 
advantageous  than  previous  approaches  with  fungahbased  systems. 

key  WORDS:  antimalarial;  artelinic  acid;  meubolites;  cncmical 
simulation  of  meUbolism, 

INTRODUCTION 

Qinghaosu  (QHS)  (also  known  as  artemisinin),  a  sesquiter¬ 
pene  lactone  with  an  endoperoxide  linkage,  is  the  novel,  clini¬ 
cally  active  antimalarial  principle  isolated  from  the  Chinese 
medicinal  herb,  Qinghao  or  Artemisia  annua  L  (1,2). 

The  devcIopnKnt  of  more  potent  semi -synthetic  deriva¬ 
tives  of  QHS  has  focused  on  the  reduction  of  QHS  to  the  laciol, 
dihydn>qinghaosu  (or  dihydroartemisinin;  Figure  I,  EXJHS). 
and  subsequent  preparation  of  its  ether  (or  ester)  derivatives. 

Artelinic  acid  (Figure  I,  compound  (IJ),  the4-cait>oxybcn- 
zyl  ether  of  DQHS,  was  developed  in  this  institute  (3).  A  study 
of  the  in  vitro  meubolism  of  artelinic  acid  has  been  initiated, 
towards  the  goal  of  developing  artelinic  acid  as  an  oral  treatment 
for  uncomplicated  malaria  caused  by  muUidrug  resistant  R 

falciparum.  ' 

The  major  obstacle  in  metabolism  studies  of  artemisinin 
analogues  is  the  non-availability  of  standards  for  putative 
meubolites.  This  problem  arises  because  loul  synthesis  of  the 
meubolites  involves  tedious  and  laborious  steps.  So  far  the 
only  known  approach  to  making  authentic  standards  of  the 
meubolites  of  an  artemisinin  analogue  is  through  fermentation 
of  the  compound  with  fungi  (4-8).  However,  a  limiulion  of 
the  fungal  fermentation  method  is  that  it  is  difficult  to  predict 
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a  microorganism  ihiC  M^Mcioscly  mimic  the  mammalian  meub¬ 
olism  of  the  compouittL;  Reported  data  have  also  shown  that 
fungal  metabolism  pf  Uicse  compounds  does  not  correlate  well 
with  the  mammalian  oieubolism.  (4). 

We  have  recently  sought  a  more  efficient  and  less  time- 
consuming  method  for  making  the  metabolites  of  the  artemi¬ 
sinin  compounds  through  the  reaction  of  the  compounds  with 
chemical  model  systems  of  cytochrome  P-450.  The  present 
work  describes  the  biomimetic  meubolism  of  artelinic  acid  by 
chemical  models  of  cytochrome  P-450  and  the  isolation  and 
identification  of  puutive  ineubolitcs  of  artelinic  acid. 

MATERIALS  AND  METHODS 
Chemicals 

All  reagents  and  chemicals  were  obuined  from  Aldrich 
Chemical  Co  (Milwakcc,  USA)  except  artelinic  acid  and  sodium 
artelinatc  which  were  from  the  inventory  of  the  Walter  Reed 
Army  Institute  of  Research,  Division  of  ExpcrimenUl 
Therapeutics. 

Instrumentatijn 

Isolation  of  Reaction  Products 

Preparative  HPLC  was  performed  on  a  Waters  liquid  chro¬ 
matography  system  consisting  of  two  Waters  model  5 10  solvent 
delivery  units,  a  U6K  injector  and  a  Waters  model  440  UV 
detector  set  at  254  nm.  A  Waters  p.  Bondapak  C,*  preparative 
column  (7.8  mm  X  300  mm;  10  mm)  was  used  with  a  mobile 
phase  consisting  of  O.IM  ammonium  aceuie  buffer  (pH  4.5) 
and  acetonitrile.  Separation  was  done  using  either  a  stepwise 
gradient  of  70:30  (v/v)  O.IM  ammonium  aceutciacctonitrilc 
maintained  for  56  min,  then  changed  to  50:50,  and  held  at  this 
ratio  for  a  further  40  min  (flow  rate  2.0  ml/min);  or  a  gradient 
of  80:20  (v/v)  O.IM  ammonium  accUic:acctonitrilc  maintained 
for  40  min,  changed  to  70:30  (v/v)  for  46  min,  and  then  stepped 
to  50:50  and  held  for  a  further  30  min.  Acetonitrile  was  removed 
from  the  collected  fractions  under  a  stream  of  nitrogen  and  the 
fractions  were  extracted  with  ethyl  accUle  (3  ml)  by  shaking 
on  a  vortex  mixer  for  .2- min.  The  ethyl  accutc  extracts  were 
dried  over  anhydrous  sodium  sulphate  and  evaporated  under  a 
stream  of  nitrogen.  The  residues  were  crysullizcd  from  a  mix¬ 
ture  of  diethyl  effier  and  hexane.  The  isolated  products  were 
again  re-analysed  by  HPLC-MS  as  described  below,  to  csubhsh 
their  purity. 

The  reaction  products  may  also  be  separated  by  repeated 
preparative  thin  layer  chromatography  on  10  X  20  cm  prepara¬ 
tive  silica  gel  GF  plates,  with  dichloromcthanc:clhyl  accUte 
(50/50,  v/v)  as  solvent.  Detection  was  by  UV  light,  with  the 
compounds  showing  up  as  dark  bands  on  (he  fluorescent  back¬ 
ground.  The  bands  were  separated  and  extracted  with  20% 
methanol  in  ethyl  acetate,  the  solvent  removed,  and  ll)C  residue 
crystallized  from  ether-hexane. 

Chciractcriiation  of  Reaction  Products 

Mass  spcciromelric  idcniification  of  tlie  reaction  products 
was  performed  using  a  HPLC-MS  system  consisting  of  a  Hew- 
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of  Ihc  materitl  being  obtained  from  the  ether  extract  of  the 
Rk  initial  pWi^ottlheoil  waschtonutogiaphed 
M  ptepaialiw  ttC  piii(5»rw|®  aceutcidichloromethane 
(30:70.  v/v)  ias  Mlvent  A  rdin^s  material  rentained  at  the 
origin  and  the  main  band  (tf  about  03)  was  scraped  and 
extracted  with  a  20:80  (v/v)  inethanoI:ethyl  a^eute  mixture 
yielding  a  pale  yellow  solid.  The  solid  was  fractionated  by 
preparative  HPLC. 

The  above  procedure  was  repeated,  using  740  mg  (2.4 
mmol)  of  glutathione  or  500  mg  (3.24  mmol)  of  thiosalicylic 
acid  instead  of  cysteine. 

Reaction  ofAnelimc  Acid  with  hon(ll)  Sulphate  and 
Thiosalicylic  Acid 

Ifon(I0  sulphate  (831.4  mg;  2.99  mmol)  was  dissolved  in 
50  ml  of  water  and  a  solution  of  922.2  mg  (5.98  mmol)  of 
thiosalicylic  acid  in  50  ml  of  acetone  was  added  followed  by 
500  mg  (1.2  mmol)  of  aitclinic  acid  The  mixture  was  stirred 
at  room  temperature  for  18  h,  during  which  time  a  beige-colored 
appeared;  Tlic  nuxture  was  centrifuged  (3000  tpm,  ‘ 
10  min)  and  the  supernatant  (pH  3)  was  extracted  with  50  ml 
of  ethyl  am«*c  The  extract  was  dried  over  anhydrous  sodium 
sulphate  and  evaporated  to  obtain  an  oil.  The  oil  was  fmrified 
by  piqjarative  TLC.  Three  bands  were  formed  of  which  the 
middle  band  (53-10.6  cm)  was  the  main  product.  The  material 
in  the  m«*"  band  was  recovered  and  puriHed  by  preparative 
HPLC. 

Reaction  ofArtelinic  Acid  with  lron(ll)  Chloride  and  8- 
Hydmxyquinoline  (Ojdne) 

Iion(n)  chloride  tetrahydrate  (475.6  mg;  2.392  mmol)  was 
dissolved  in  about  10  ml  of  water  and  a  solution  of  6943  mg 
(4.78  mmol)  of  8*hydroxyquinoline  (oxine)  in  10  ml  of  acetone 
was  added.  A  dark  blue  mixture  formed  immediately.  Artelinic 
acid  (200  mg;  0.479  mmol)  was  added  and  the  mixture  stirred 
for  16  h.  The  mixture  was  centrifuged  (3000  rpm  for  15  min), 
the  supernatant  separated  aixl  dried  with  a  streain  of  nitrogen. 
The  resulting  residue  was  extracted  with  40  ml  of  ethyl  acetate. 
The  ethyl  aceute  extract  was  washed  successively  with  2  X 
20  ml  of  0.05  M  hydrochloric  acid.  20  ml  of  distilled  water, 
dried  over  anhydrous  sodium  sulphate,  filtered  through  fluted 
filter  paper  and  evaporated  to  dryness.  The  oily  residue  obtained 
was  purified  by  preparative  HPLC. 

results  and  discussion 

Identification  and  Characterization  of  Compounds 
Formed 

Extracts  of  reaction  mixtures  were  initially  examined  by 
LC-MS  to  establish  the  presence  of  new  compounds  before 
chromatographic  fractionation  of  the  extracts  was  attempted. 
The  total  ion  chromatograms  of  the  crude  products  of  the  reac¬ 
tion  of  artelinic  acid  with  the  different  reagents  arc  shown  in 
Figures  2  to  5.  Chromatograms  obtained  for  the  products  of 
the  reaction  of  artelinic  acid  with  hemin  and  thiosalicylic  acid 
arc  also  similar  to  those  in  Figure  3,  except  for  the  absence  of 
peak  (5). 

The  suucturcs  of  the  five  compounds  Isolated  and  charac¬ 
terized  after  the  reaction  of  artelinic  acid  with  the  above  model 
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systems  of  cytochrome  P-450  are  shown  in  Rgurc  1 .  The  iden¬ 
tity  of  two  other xdmpounds  (Figure  1,  (5]  and  (SJ)  suspected 
to  be  formed  by  tlve^  reaction  requires  final  confirmation. 
Of  the  compounds  identified  and  characterized,  the  previously 
unreported  ones  are  rearranged  artelinic  acid  12),  3a-hydroxy 
deoxyartelinic  acid  (3),  and  dcoxy  artelinic  add  (41.  The  'H- 
and  ‘^C-ninr  assignments  for  thiSsc  compounds  ate  based  on 
the  published  NMR  dau  for  analogous  compounds  obtained 
by  the  microbial  metabolism  of  arteether  (6.8)  and  artemisinin 
thcrmodccomposition  products  (9). 

The  relevant  nmr  and  mass  spectra.data  for  artelinic  acid 
(Figure  1,  (IJ)  are  provided  for  comparison:  '*C-nmr,  see  Table 
I.  ‘H-nmn  0.95  (3H.  d,  J  =  6.0.  Me-I4).  0.98  (3H.  d,  J  =  7.4. 
Me-13).  1.46  (3H.  s.  Me-15).  2.72  (IH.  m,  H-ll).  2,03  (IH. 

.  m,  H-3p).  2.40  (IH.  d.  d.  d,  J  =  3.9.  4.07.  3.9.  H-3o).  2.12 
(IH.  m.  H-1 1).  4.61  (IH.  d.  J  =  133.  H-16p).  4.94  (IH.  d.  J 
=  3.4.  H-12).  4.99  (IH.  d,  J  =  13.3.  H-16a).  5.47  (IH.  s.  H- 
5).  7.43  (2H.  d.  J  =  8.2.  H-18,  H-22).  8.10  (2H.  d.  J  =  83. 
H-19,  H-21).  Thermospray  mass  spectrum  (m/z.  relatove  inten¬ 
sity  (%):  436,  3.2%;  401.  5.2%;  373.  4.0%;  359.  3.1%:  355. 
3.0%;  331.  15.2%;  284,  3.1%;  249.  3.8%;  221,  100%.)  In  all 
the  mass  spectra  presented,  the  highest  m/z  values  arc  for  the 

quasi-molecularlM  +  NHri*  ion.  The  thermospray  mass  spectra 

of  artelinic  acid  and  related  compounds  formed  in  these  reac¬ 
tions  arc  characterized  by  fragmentation  of  the  carbox^nzy 
group  (as  carboxybenzyl  alcohol,  OHCH2C6H4COOH, 
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IS*- ^l96%)The  'H-nmr  cal  models  of  the  P^50  enzymes  to  study^the  n^tiolism 
233. 453%;  323, 23%,  215. 22^.  TO5. 193-^  chemical  slmulationirif  the 

ua  «C^  vWdS  23  me  (percent  metabolism  of  aitellnlc  idd  as  a  means  of  obttlnlng^nllHgram 

Aoseof  rfcojty  artecthw(5).m  be^d<^r23  ing  t^^t  m  it^bolltes  of  the  compound.  ,:,  v 

yicId.9%)ofd«x,»rtdink:ii«d^  “  S  prSirms  reports  on  the  meubolism  of  artemisinin 

system  containing  hcmin  aM^uttthione.  ,v»<!iion  and  artecthcr  (4-8).  the  expected  P-450  catalyzed  metabolic 

^  A  hj<drexyartdinic  ^kI  (Rgurc  1, 151).  wrth  t^  ^sit^n  arVreanangement  at^ordeoxygen- 

to  i^oJe  of  2e  p'ZS  of  the  reaction  ation  of  Ae  endoperoxide  grttop.  »-  <►[ 

S^dinicSith  the  hemin-based  reagents  and  with  the  2-or3-or9-or  14-pos.uon.andrcmovalofthe4^xybenzyl 

iron(II>-oxinc  ^gcnL  The  earliest  of  the  chemical  model  systems  of  cytochrome 

exhibits  a  quadruplet  centered  at  8  335  (5.6^JT<  p450  ^/hich  has  come  to  be  known  as  the  Udenfrie^  system, 

spectrum  also  displayed  the  same  arenuuc  co„sis’ts  of  a  mixture  of  ferrous  ion.  ascorbic  acid,  EDTA.  and 

as  aitdinic  acid,  indicating  ^  Thermosofav  molecular  oxygen  (10).  The  Udenfriend  system  brought  about 

introduced  onto  the  aromatic  nngo  c  i  .  biomimctic  rearrangement  of  anclinic  acid  to  compound 

“*•  ’S-  »  S'  «  .*■  ?3  m  M  5-  S  c.Us  ft.  ftmov.1  of  ft.  4..art«xyb.ni,l  sid«tatoof  m.li- 

?;5S  S  M  ^  TO^0?4  195  ira-^TO,  73%;'  177.  nic  a.M.  D~xy8«iMio»  ot  an.lfti.  a.id  10  toxyaiKliai.  a.ki 

S.,Th;ft»ft4pftynusas«^2^  .lftft»obi„«o^ 

u  Thai  of  aTiydroxylated  artclinic,  w  hcmin  and  thiol-containing  compounds  such  as  cysteine  and 

ions  involving  the  fragmentaaon  of  Ae  ^  ISonTwas  extensively  studied^  Sakural  and  co-workers 

duin  and  thermal  re^gentumt  of  tire  g  /,,)  jh^  present  work  is  the  first  attempt  to  apply  these  ^sterns 

spectromeuy.  as  expencr^ed  for  art^n  c  acul  o  a  stody^Ae  metabolism  of  a  drug.  When  Ae  reaction  of 

3a-Hydroxydeoxyd,hydr^inEhaosu  Aclinic  acid  and  Ac  hemin-thiol  reagents  was  canted  out  in  a 

DQHS)(Figure  l.l6])form^  from  artclinic  aad  was  ident  .  jj  ^t  of  Ae  anclinic  acid  was  recovered 

by  comparison  of  its  HPLC  J SigTwirSy  traces  of  (21  and  deoxyartelinic  add  14) 

spectra  wiA  those  of  an  auAentic  stond^.  P  y  ^  detected  by  LC-MS.  When  the  reaction  was  carried  out  in 

aqueLacetonc.avirtuallycompletelransfonnation^artelinic 

284. 52.1%;  267. 52-9%.  2^.  26  1%.  24^  lOW.  ^3^  .  M  _  observed.  wiA  the  unchanged  compound  being  only 

231, 17.9%;  221. 5.8%;  207. 6.8%.).  3a-OH^eoxyDQHS  is  a  ac  d  w«  ^  brought  about 

puutivemeuboliteofi^ermicac.dt^  J^edeoxygcLionofartclinicacidtodcoi^^^^^^ 

to  be  a  microbial  metabolite  of  ^ccAct  (5).  svstems  were  virtually  ineffective  in  Ac  dealkylation  of  artelinic 

DeoxydihyAoqinghaosu  (deoxyDQHS)  (Figure  1,  I  J)  y  neither  DOHS  nor  deoxyDQHS  was  formed,  and 

also  was  identified  by  comparison  of  its  HPLC  -tentren  ume 

and  mass  spectrum  wiA  those  of  an  auAenUc  ^  compound^spccted  to  be  a  hydroxyartclinic 

68%- 251  'l 23^35  0^2^^59 S’  acid  wL  also  formed  in  Ac  hemin-thiol  systems. 

268. 1 6.2%;  ^2, 168%.  25 1 .  1 00%,  233. 35.0%.  223.  .  .  ^  combination  of  iron(II)  with  Aiosalicylic  acid  is  one 

215.  2.5%;  205.  3.3%.)  ,  a  m  ihy  rarlv  variations  on  Ac  Udenfriend  system,  and  this 

Rearranged  dihydroqinghaosu  (Figure  1 .  (8))  is  suspected  of  y  hv^rn* vlaic  simole  aromatic  and  aliphatic 

to  be  one  of  the  compounds  formed  by  the  respective  reaction  2^  jbe  iron(Il)-thiosalicylic  acid  system  brings 

of  artclinic  acid  with  the  Udenfriend  and  the  iron(II)-oxine  hydroc^ns  (  2).  The  irondl)  thtosai.cy  r 

ft.  b.»  .r  ft.  .10,1, .uy  c,  i^noospfty  ■<. 

spectrum  to  Aat  of  rearranged  artclinic  acid.  Theimwpray  mas  ^  be  a  hvdroxylaied  reairangcd  aricrinic  acid  was 

spectrum  of  de  e«ed  by  LC-MS  from  Ae  iron(II)  Aiosalicylic  acid  systeim 

LC-MS  of  the  exuact  of  ihe  Udenfriend  system  showed  activity  -n,e  iron(II)jxine 

%“:drc:;S;;;:r::::crd^enti  by  i.  -H-nmr  U  —  — 
specmim  was  recovered  by  TLC  from  Ae  reaction  of  artclinic  3a-hydroxydeoxyartc  m  c  to  a  hydro- 

AC  Udenfriend.  iron(l.)-Aiosalicy,ic  and  iron(..)- 

"""No'rpound  resuiiing  from  Ae  hydroxy, alien  of  Ae  Ae” com^  ^ 

aromatic  nng  of  artclinic  acid  was  observed  in  this  study. 

Simulation  of  the  Metabolism  of  Artclinic  Acid  CONCLUSIONS 

AlAough  many  chemical  models  of  P-450  have  been  stud-  ^  n,ctaboliies  of  artclinic  acid  can  be  produced 

ied.  only  very  simple  com^nds  such  “ by  ihc  reactil  of  Ae  compound  with  simple  reaction  systems 
adamantanc.  aniline,  toluidinc,  etc  have  been  used  as  substrates,  by  me  reaction  on  i~ 


APPENDIX  2A 


I'  DATA  SHEET  FOR  CHEMICAL  COMPOUNDS 

RECV: 

17-OCT-96 

SUBMITTER:  OUJIOSIN  REMI  IDOWU 

ET 

SUB  CODE: 

ARTL/M-l 

WRAIR,  WRAMC 

WRNO 

280849 

DIVISION  OF  EXPER.  THERAPS . 

BOTTLE  #: 

BN81302 

WASHINGTON,  DC  20307 

SUBMTR  #: 

0300 

CHEMNAME:  ? 
SALT:  NONE 


STRUCTURE: 


CHXOO- — 


FORMULA:  C23H30O7 

MOL  WT  :  418.5 


APPEARANCE :  WHT/ POWDER 


QTY:  lOM  MILLIGRAMS 


HYGROSCOPIC: 

1  M.P. 

TEST  SYS: 

1  PGS: 

G 

SHELF  LOCATION: 

NEVER 

STABILITY: 

SOLUBILITY: 


WARNING:  NONE  KNOWN 


Literature : 


1  EQUATIONS  INDICATING  SYNTHETIC  ROUTE: 


STORAGE  :  COLD 
I  REMARKS  : 


I  Commercially 
Discreet: 


Contract#:  DAMD17- 

Synth,  under  Gov't  Support: 


I  Purchased 


APPENDIX  2B 


RECV: 

SUB  CODE 
WRNO 

I  BOTTLE  # 
jsUBMTR  # 


03 -FEB- 97 

ARTL/M-2 

280987 

BN85499 

0300 


DATA  SHEET. FOR  CHEMICAL  COMPOUNDS 


SUBMITTER:  OUTOSIN  REMI  IDOWU 

ET 

VJRAIR,  WRAMC 

DIVISION  OF  EXPER.  THERAPS . 
WASHINGTON,  DC  20307 


FORMULA:  C23H30O7 

MOL  WT  :  418.5 


APPEARANCE :  WHT/GRANULES 


QTY:  3M  MILLIGRAMS 


HYGROSCOPIC:  |  M.P.: 


TEST  SYS:  |  PGS 


SHELF  LOCATION;  NEVER 


EQUATIONS  INDICATING  SYNTHETIC  ROUTE: 


1  STABILITY: 

SOLUBILITY 

1 

1  WARNING: 

1 

Literature 

i 

I  STORAGE  : 
REMARKS  : 


Commercially 
Discreet : 


Contract#:  DAMD17- 

Synth.  under  Gov't  Support: 


1  Purchased 


APPENDIX  2C 


DATA  SHEET  FOR  CHEMICAL  COMPOUNDS 


RECV: 

03-FEB-97 

SUBMITTER:  OLOXOSIN  REMI  IDOWU 

ET 

SOT  CODE: 

ARTL/M-3 

WRAIR,  WRAMC 

WRNO  : 

280988 

DIVISION  OF  EXPER.  THERAPS. 

BOTTLE  #; 

BN85506 

WASHINGTON,  DC  20307 

SOTMTR  #: 

0300 

jCHEMNAME:  DEOXYARTELINIC  ACID 

I 

I  SALT:  NONE 


STRUCTURE : 

Cl 

CHf 

\  9  V 

V 

1 

OCH 

I  MOL  V7T  :  402.5 

I _ 


j  APPEARANCE :  BE  I  /  POWDER 


STABILITY 


SOLUBILITY 


WARNING 


Literature 


I HYGROSCOPIC: 


M.P. 


PGS :  S 


SHELF  LOCATION :  NEVER 

EQUATIONS  INDICATING  SYNTHETIC  ROUTE: 


1  STORAGE 
REMARKS 


Commercially 
Discreet : 


I  Contract#:  DAMD17- 
Synth.  under  Gov't  Support: 


I  Purchased: 


APPENDIX  2D 


Compounds  recently  submitted  to  the  Walter  Reed  inventory: 

CH3 


Rearranged  Hydroxyartelinic  acid  (R-OH-ARTL) 
Amount  submitted  :  10  mg 


CH3 


OOH 


3,  9-Dihyroxyartrelinic  acid  (Di-OH-ARTL) 
Amount  submitted:  20  mg 


In  addition,  500  mg  of  rearranged  artelinic  (Appendix  2A) 
and  55  mg  of  3-hydroxydeoxyartelinic  acid  (Appendix  2B) 
have  been  recently  submitted  to  the  Walter  Reed  inventory. 


